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1T h e  h a e m o p o ie t i c  m u l t i p o t e n t i a l  s t e m  c e l l  d i f f e r e n t i a t e s  in  !
d i s t i n c t  m a t u r a t i o n a l  p a th w a y s  to  g e n e r a t e  d i f f e r e n t  p o p u la t io n s  
of b lood  c e l l s .  D i f f e r e n t i a t i o n  an d  p r o l i f e r a t i o n  w i th in  th e  t h y m u s  
i s  a  p r e r e q u i s i t e  of p r e c u r s o r s  c o m m i t t e d  to  th e  T - l y m p h o c y t e  
l i n e a g e .  T h e s e  d i f f e r e n t i a t i v e  e v e n t s  in v o lv e  a n  i n t e r a c t i o n  w i th  
the  n o n - ly m p h o id  c e l l s  of th e  th y m u s .
M o n o l a y e r s  d e r iv e d  f r o m  th e  n o n - ly m p h o id  s t r o m a l  e l e m e n t s  
of th e  m u r i n e  th y m u s  w e r e  e s t a b l i s h e d  and  m a in t a i n e d  in  v i t r o .
T h e  c e l l s  in  c u l t u r e  w e r e  c h a r a c t e r i s e d  on  th e  b a s i s  of t h e i r  
m o r p h o l o g ic a l  and  fu n c t io n a l  f e a t u r e s .  T h e y  w e r e  found  to  be  
m o r p h o l o g ic a l l y  h e t e r o g e n o u s  a t  the  l ig h t  m i c r o s c o p i c a l  and  
u l t r a s t r u c t u r a l  l e v e l ,  and  l a r g e l y  p h a g o c y t i c . T h e  p o s s i b l e  
m a t u r a t i o n  in d u c in g  p r o p e r t i e s  of th e  c u l tu r e d  th y m u s  c e l l s  w e r e  
i n v e s t i g a t e d .  T h e  PH A  r e s p o n s i v e n e s s  of t h y m o c y t e s ,  a  f e a t u r e  
of m o r e  m a t u r e  l y m p h o c y te s  w a s  found to  be  m a r g i n a l l y  e n h a n c e d  
u p o n  c o - c u l t u r e  w i th  t h e s e  c e l l s  o r  a f t e r  in c u b a t io n  in  t h e i r  
c o n d i t io n e d  m e d iu m .  S i m i l a r  e f f e c t s  w e r e  o b ta in e d  w ith  m o n o l a y e r s  
d e r iv e d  f r o m  p e r i t o n e a l ,  e x u d a te  c e l l s ,  b u t  to  a  l e s s e r  e x t e n t .
A m e th o d  of d e p le t in g  th e  e n d o g e n o u s  ly m p h o id  c e l l s  in  e x p l a n t s  
of e m b r y o n i c  th y m ic  t i s s u e  in  c u l t u r e  w a s  e s t a b l i s h e d ,  e n a b l in g  
th e  e n r i c h m e n t  of th e  e p i th e l i a l  c o m p o n e n t .  T h e s e  e p i th e l i a l  
t h y m u s e s  w e r e  r e c o n s t i t u t e d  w ith  e a r l y  u n d i f f e r e n t i a t e d  h a e m o p o ie t ic  
c e l l s  an d  m o r e  m a t u r e  ly m p h o id  p r e c u r s o r s  in  v i t r o . T h e  l a t t e r  
w e r e  found  to  r e a d i l y  r e p o p u la te  th e  e x p l a n t s ,  w h e r e a s  th e  l e s s  
d i f f e r e n t i a t e d  c e l l s  d id  n o t .
T h e  ly m p h o c y t i c  c e l l s  of the  bone  m a r r o w  w e r e  i s o l a t e d  by  
d i f f e r e n t i a l  c e n t r i f u g a t i o n .  T h e  e n r i c h e d  c e l l s  w e r e  u s e d  a s  
t a r g e t s  to  in v e s t ig a t e  th e  p o s s i b l e  d i f f e r e n t i a t i o n  in d u c in g  
p r o p e r t i e s  of the  th y m ic  m o n o l a y e r  c e l l s ,  a s  w e l l  a s  t h e i r  own 
c a p a c i t y  to  r e p o p u la t e  th e  t h y m u s  in  v i t r o . T h e y  w e r e  found  to  be 
r e f r a c t o r y  to  a n y  s u c h  m a t u r a t i o n a l  in d u c t io n ,  an d  t h e i r  t h y m u s -  
s e e d in g  a b i l i t y  w a s  n o t  c o n c l u s i v e ly  r e s o l v e d .  T h e  s ig n i f i c a n c e  
of t h e s e  f in d in g s  a r e  d i s c u s s e d  w ith  r e g a r d  to  th e  m a t u r a t i o n a l  
p o te n t i a l  of d i f f e r e n t  h a e m o p o ie t i c  c e l l s  in  th e  ly m p h o m y e lo id  
t i s s u e  s .
T h e  c e l l  p r o l i f e r a t i o n  k i n e t i c s  of th e  th y m u s  d u r in g  l a t e  
g e s ta t io n  w a s  in v e s t i g a t e d .  T h e  c e l l  p r o d u c t io n  r a t e  w a s  found  
to  b e  g r e a t l y  d im in i s h e d  in  p r e g n a n c y ,  d u r in g  w h ic h  th e  s p le e n  
w as  found  to  s u s t a in  an  i n c r e a s e d  e x t r a - m e d u l l a r y  e r y t h r o p o i e t i c  
a c t iv i t y .  T h e  r e s p o n s i v e n e s s  to  P H A  d u r in g  p r e g n a n c y  w a s  
i n v e s t i g a t e d .  T h e  p o s s i b l e  c a u s e s  and  c o n s e q u e n c e s  of h a e m o p o ie t i c  
im b a la n c e  a r e  d i s c u s s e d ,  e s p e c i a l l y  w ith  r e g a r d  to  th e  p o s s i b l y  
i m p a i r e d  im m u n e  c o m p e te n c e  of the  p r e g n a n t  a n i m a l .
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G EN ERA  la INTRODUC TION
In  a n c ie n t  G r e e c e  T h e o p h r a s t u s  a p p l ie d  the  n a m e  " th y m u s "  
to the  a r o m a t i c  h e r b ,  now  c o m m o n ly  know n a s  th y m e . T he  
m a m m a l i a n  o r g a n  o w es  i t s  n a m e  to the  R o m a n  p h y s ic i a n  G a le n  
who c o m p a r e d  i t s  a p p e a r a n c e  to  the  le a f  of the  th y m e  p la n t .
A lthough  e a r l y  i n v e s t i g a t o r s  s p e c u la te d  on i t s  e m b ry o lo g ic a l  
o r ig in s  a t  th e  end of the  l a s t  c e n tu r y ,  an  u n d e r s ta n d in g  of i t s  
m i c r o s c o p i c a l  s t r u c t u r e  w a s  n o t  a p p a r e n t  u n t i l  the  w o rk  of the 
S w ed ish  a n a to m is t  A u g u s t  H a m m a r  in  th e  e a r l y  1 9 0 0 's .  T h e  
h i s to g e n e s i s  of the  o r g a n  h a s  b e e n  the  s u b je c t  of c o n t r o v e r s y  f o r  
n e a r l y  a c e n t u r y .
A lthough  th e  th y m u s  h a s  b e e n  r e c o g n i s e d  a s  a  ly m p h o id  o rg a n  
fo r  a c o n s id e r a b l e  t im e ,  i t  w a s  n o t  u n t i l  th e  c l a s s i c  e x t i rp a t io n  
and r e p l a c e m e n t  e x p e r i m e n t s  of J a c q u e s  M i l l e r  in  the e a r l y  1960s 
th a t  i t s  ro le  in  th e  a c q u i s i t io n  of im m u n o c o m p e te n c e  w as  e s t a b l i s h e d .  
T h e  v a s t l y  i n c r e a s e d  k n o w led g e  of th e  p h y s io lo g y  of the  th y m u s  s in c e  
th e n  h a s  p a r a l l e l l e d  th a t  of Im m u n o lo g y  i t s e l f .  I t  w as  soon  r e a l i s e d  
th a t  th e  th y m u s ,  to g e th e r  w ith  th e  a v ia n  b u r s a  of f a b r i c i u s  o r  i t s  
m a m m a l i a n  e q u iv a le n t ,  g e n e r a te  d i s t i n c t  l i n e a g e s  of lym p h o id  c e l l s ,  
c a p a b le  of e f fe c t in g  th e  c e l l u l a r  and h u m o r a l  c o m p o n e n ts  of the  
im m u n e  r e s p o n s e  r e s p e c t i v e l y .
A n e n d o c r in e  r o l e  f o r  the  th y m u s ,  though  long  s u s p e c te d ,  h a s  
m o r e  r e c e n t ly  b e e n  e s t a b l i s h e d .  H o rm o n a l  in t e r a c t io n s  w ith  o th e r  
e n d o c r in e  g la n d s  e s p e c i a l l y  th e  a n t e r i o r  p i t u i t a r y  and  a d r e n a l  c o r t e x  
a r e  r e c o g n i s e d ,  and p u ta t iv e  th y m ic  h o r m o n e s  h a v e  b e e n  show n to 
be s i m i l a r  in  t h e i r  m o l e c u la r  m o d e  of ac t io n  to  o th e r  m o r e  w e ll  
d ef ined  p o ly p e p t id e  h o r m o n e s .
T h e  s tudy  of m o s t  p h y s io lo g ic a l  s y s t e m s  h a v e  b e e n  g r e a t l y  
f a c i l i t a t e d  by  th e  a p p l ic a t io n  of in  v i t r o  t e c h n iq u e s ,  th e y  h ave  b e e n  
s u c c e s s f u l ly  a p p l ie d  to the  in v e s t ig a t io n  of th e  th y m ic  m i c r o ­
e n v i ro n m e n t .  T h e y  v a r y  f r o m  th e  in  v i t r o  c u l tu r e  of c e l lu l a r  
m o n o l a y e r s  on p l a s t i c  s u r f a c e s  to  th.e g ro w th  of th y m ic  r u d im e n ts  
in  the  n ove l  and n u t r i t i v e  e n v i ro n m e n t  of c h ic k  c h o r io a l la n to ic  
m e m b r a n e s .
T he  t a r g e t  c e l l  f o r  the  th y m ic  h u m o r a l  and  m i c r o e n v i r o n m e n ta l  
e f f e c t s  h av e  b e e n  d if f ic u l t  to  id e n t i fy ,  a s  no c l e a r  m o r p h o lo g ic a l  
d i f f e r e n c e s  a r e  v i s ib le  b e tw e e n  th e  e a r l y  s ta g e s  of d i f f e r e n t ia t in g
blood c e l l s .  T h e  c e l l u l a r  c a n d id a te  fo r  d i f f e r e n t i a t io n  to th e  T
»
l in e a g e  cou ld  b e  th e  m u l t ip o t e n t i a l  h a e m o p o ie t ic  s te m  c e l l  o r  one 
of the c e l l u l a r  p o p u la t io n s  d e r iv e d  f r o m  i t .  T h e  h a e m o p o ie t ic  
s y s te m  is  un ique  a m o n g  c e l l u l a r  d i f f e r e n t ia t io n  s y s t e m s  in  th a t  
i t s  s te m  c e l l  p o p u la t io n  i s  c a p a b le  of s e l f - r e n e w a l  a s  w e ll  a s  a 
s o u rc e  of p r e c u r s o r s  f o r  s p e c i a l i s e d  blood c e l l s .
A ny s tudy  of in d iv id u a l  c e l l u l a r  c o m p a r tm e n t s  w ith in  an y  
one s y s t e m  m a y  be f u r t h e r  c o m p l ic a te d  by s t e m  c e l l s  c o m m o n  to 
o t h e r s ,  a s  in  th e  p o s s i b l e  r e l a t io n s h ip  b e tw e e n  the m u r i n e  m o n o c y te  
and o s t e o c l a s t  p r e c u r s o r s .
T h e  e a r l y  i n v e s t ig a t o r s  of th e  th y m u s  o b s e r v e d  th a t  th e  o rg a n  
ex h ib ited  an  u n u s u a l  a g e - r e l a t e d  a t ro p h y .  M o r e  r e c e n t  s tu d ie s  
in d ic a te d  th a t  th e  o rg a n  w a s  a  s i te  of bo th  in t e n s e  c e l l u l a r  
p r o l i f e r a t i o n  and  c e l l  d e a th ,  a  f a c t  w h ich  h a s  led  to  i n t e r e s t i n g  
s p e c u la t io n s  ab o u t  i t s  r o l e  in  the  in d u c t io n  of to l e r a n c e  to  s e l f ­
a n t ig e n s ;  o r  m o r e  s im p ly ,  i t s  fu n c tio n  a s  the f in ish in g  sch o o l in  
the e d u c a t io n  of T ly m p h o c y te s .
1. D E V E L O P M E N T  O F T H E THYMUS
T h e  m a m m a l i a n  th y m u s  i s  a ly m p h o - e p i th e l ia l  o r g a n  lo c a te d  
in  th e  s u p e r i o r  a n t e r i o r  m e d ia s t i n u m  in  m o s t  s p e c i e s .  T h e  
l i t e r a t u r e  on the  d e v e lo p m e n t  and h i s to g e n e s i s  of th e  o r g a n  i s  
r e v ie w e d  by  M e tc a l f  and M o o re  (1971). E m b ry o lo g ie  a l ly ,  i t  i s  
d e r iv e d  a s  o u tg ro w th s  of a p a i r  of e p i th e l ia l  c h o r d s  f r o m  th e  
b r a n c h ia l  e c t o d e r m  of th e  d o r s a l  th i r d  and fo u r th  p h a ry n g e a l  
p o u c h e s  (V e rd u n ,  1898). T h e s e  e p i th e l ia l  o u tg ro w th s  p r o l i f e r a t e  
and b r a n c h  out in  a l l  d i r e c t i o n s ,  e a c h  jo in in g  up to  f o r m  a s in g le  
b ilobed  o r g a n .  T h e  e p i th e l iu m  c o n t in u e s  to g ro w  in to  the  a d ja c e n t  
t i s s u e ,  b e c o m in g  s u r r o u n d e d  by a l a y e r  of m e s e n c h y m e .  T h e  
g ro w th  and b r a n c h in g  of th e s e  c e l l s  g iv e s  r i s e  to  the  m e d u l l a s  of 
the  lo b u le s  w h ic h  m a k e  up e a c h  lobe  in  m o s t  s p e c i e s .  S om e c e l l s  
b e c o m e  a r r a n g e d  in  g ro u p s  to f o r m  the  H as  s a i l ' s  c o r p u s c l e s ,  
w h ile  m o s t  a r e  m o r e  lo o s e ly  p a c k e d ,  jo in e d  to g e th e r  by d e s m o s o m e s ,  
T he  th y m u s  is  the  f i r s t  ly m p h o id  p r i m o r d iu m  to  d ev e lo p  in  
m a m m a l i a n  e m b r y o s .  D u r in g  g e s ta t io n ,  ly m p h o id  c e l l s  a r e  s e e n  
to in f i l t r a t e  the  i n t e r s t i c e s  b e tw e e n  the e p i th e l i a l  c e l l s  and r a p id ly  
b e c o m e  th e  p r e d o m in a n t  c e l l s  in  the  o r g a n .  T h e  o r ig in  of th e s e  
c e l l s  h a s  b e e n  the  s u b je c t  of m u c h  c o n t r o v e r s y  and s p e c u la t io n  
u n t i l  r e l a t i v e ly  r e c e n t l y .  K o l l i c k e r  (1879) p r o p o s e d  th a t  th y m ic  
ly m p h o c y te s  w e r e  d e r iv e d  by d i r e c t  t r a n s f o r m a t i o n  of the  e p i th e l i a l  
a n la g e .  H is  (1885) c o n s id e r e d  th e m  to h av e  f o r m e d  f r o m  the  
m e s e n c h y m e  by  in v a s io n  of th e  e p i th e l ia l  a n la g e .  H a m m a r  (1905) 
p o s tu la te d  th a t  the  e a r l y  th y m ic  p r im o  r d iu m  w a s  in v ad ed  by 
c o n n e c t iv e  t i s s u e  ly m p h o c y te s .  E a r l y  in  v i t r o  s tu d ie s  of th y m ic  
d e v e lo p m e n t  f a i le d  to d e m o n s t r a t e  ly m p h o p o ie s is  ( E m m a r t ,  1936);
l a t e r  s tu d ie s  u s in g  m o r e  s o p h is t i c a te d  t i s s u e  c u l tu r e  m e th o d s  
h ave  r e s o lv e d  c o n f l ic t in g  t h e o r i e s  on th e  o r ig in  of th y m ic  
ly m p h o c y te s .  A u e r b a c h  (I960) o b ta in e d  g ro w th  and  lo b u la t io n  in  
12 day  e m b ry o n ic  th y m ic  r u d im e n ts  c u l tu r e d  in  p l a s m a  c l o t s ,  but 
the  a n la g e  r e m a in e d  e p i th e l i a l ,  w ith o u t ly m p h o id  d e v e lo p m e n t .  
W hen m e s e n c h y m a l  and  e p i th e l i a l  t i s s u e  w e r e  s e p a r a t e d  by 
t r y p s in i s a t i o n ,  bo th  f a i l e d  to g ro w  and d i f f e r e n t i a t e ;  bu t w hen 
r e c o m b in e d ,  g ro w th  and lo b u la t io n  o c c u r r e d .  T h i s  in d u c t iv e  
e f fec t  of the  m e s e n c h y m e  co u ld  a l s o  be e x e r t e d  th ro u g h  a  c e l l -  
im p e r m e a b le  d if fu s io n  m e m b r a n e .  B a l l  and A u e r b a c h  (I960) 
l a t e r  d e m o n s t r a t e d  ly m p h o p o ie s i s  in  e m b ry o n ic  th y m u s  c u l t u r e s  
w ith in  th e  e p i th e l i a l  c o m p a r tm e n t ,  in  th e  p r e s e n c e  of m e s e n c h y m a l  
t i s s u e .  E a r l y  t r a n s p l a n t a t i o n  s tu d ie s .b y  A u e rb a c h  (I960  and  1 961) 
show ed th a t  n o r m a l  ly m p h o id  d e v e lo p m e n t  w a s  o b ta in e d  in  the  
m o u s e  th y m ic  r u d im e n t  w h en  g ra f te d  to  th e  a n t e r i o r  c h a m b e r  of 
the eye ,  if  b o th  e p i th e l i a l  and  m e s e n c h y m a l  c o m p o n e n ts  w e r e  
p r e s e n t .  C o m b in a t io n s  of n o n - ly m p h o id  m o u s e  th y m ic  e p i th e l iu m  
and c h ic k  m e s e n c h y m e  w e r e  a l s o  e f fe c t iv e .  He c o n c lu d e d  th a t  
e p i th e l iu m  g e n e r a te d  th e  ly m p h o c y te s  and m e s e n c h y m e  gave r i s e  
to th e  c o n n e c t iv e  t i s s u e  and s t r o m a .  S im i l a r  o b s e r v a t i o n s  w e re  
no ted  w hen  12 day  m o u s e  th y m u s  w as  g r a f te d  onto  the  ch ic k  
c h o r io a l la n to ic  m e m b r a n e ,  the  ly m p h o c y te s  f o r m e d  w e re  a l l  
d e r iv e d  f r o m  m o u s e  t i s s u e  (M o o re  and Owen, 1967). A u e r b a c h 's  
f in d in g s  su p p o r te d  the  t r a n s f o r m a t io n  th e o ry  of the  e p i th e l i a l  o r ig in  
of th y m ic  ly m p h o c y te s ,  p ro v id in g  th e  m o u s e  th y m ic  an la g e  a t 
12 day s  of g e s ta t io n  w a s  devo id  of ly m p h o id  c e l l s .  H o w e v e r ,  a 
n u m b e r  of i n v e s t i g a t o r s  h a v e  d e m o n s t r a t e d  th e  p r e s e n c e  of l a r g e .
b a s o p h i l ic  c e l l s  w ith  p r o in in e n t  n u c le o l i  in  the  e m b ry o n ic  th y m u s  
a t  11 d a y s  of g e s ta t io n ,  w h ich  a r e  m o r p h o lo g ic a l ly  d i s t i n c t  f r o m  
th e  e p i th e l iu m  (S m ith ,  1965; M o o re  and  O w en, 1967; Owen and 
R i t t e r ,  1969). T h e  u s e  of c h r o m o s o m e  m a r k e r s  e n a b le d  a  m o r e  
c o n c lu s iv e  s tudy  of ly m p h o p o ie s i s  in  th e  th y m u s.  M o o re  and  O wen 
(1967) u t i l i s e d  a  s e x - c h r o m o s o m e  m a r k e r  s y s t e m  in  p a i r s  of m a le  
and f e m a le  c h ic k  e m b r y o s  p a r a b i o s e d  by  a  v a s c u l a r  u n io n  of 
c h o r io a l la n to ic  o r  yolkr* sac  b lood  v e s s e l s .  A f te r  4 -5  d a y s  of 
in c u b a t io n  p o s t - p a r a b i o s i s ,  a  v a s c u l a r  yo lk .-sac  a n a s to m o s i s  w a s  
e s t a b l i s h e d ,  th i s  be ing  p r i o r  to  th e  o n s e t  of th y m ic  ly m p h o p o ie s i s  
a f t e r  7 d a y s .  T h y m ic  c h i m a e r i s m  w a s  s e e n  in  t h e s e  e m b r y o s ,  
su g g e s t in g  th a t  b lo o d -b o rn e  ly m p h o id  p r e c u r o r s  w e r e  e n t e r in g  the  
th y m ic  a n la g e .  T h e s e  f in d in g s  gave r i s e  to  th e  h a e m a to g e n o u s  
th e o ry  of the  o r ig in  of th y m ic  ly m p h o c y te s .  F u r t h e r  s tu d ie s  on  
th e  e n t ry  of p r e c u r s o r  c e l l s  to  th e  th y m u s  inv o lv ed  c u l tu r in g  
e m b ry o n ic  m o u s e  and c h ic k  th y m ic  ru d im e n ts  of d i f f e r e n t  a g e s  in  
c e l l - i m p e r m e a b l e  d if fu s io n  c h a m b e r s  on th e  c h ic k  c h o r i o a l l a n t o i s . 
T h e  s y s t e m  e n a b le d  t h e i r  d e v e lo p m e n t  to be s tu d ie d  in  i s o la t io n  
w ithou t f u r t h e r  in f lux  of c e l ls^  10 D ay  m o u s e  and 7 day  c h ic k  
th y m ic  r u d im e n ts  f a i le d  to b e c o m e  lym p h o id ;  w h e r e a s  in  o ld e r  
r u d im e n ts ,  ly m p h o id  d e v e lo p m e n t  p ro c e e d e d  (O w en and R i t t e r ,
1969). T h e  o r ig i n  of th e s e  im m ig r a n t  s t e m  c e l l s  w as  in v e s t ig a te d  
by s tu d ie s  on  th e  a b i l i ty  of v a r io u s  c e l l s  to  r e p o p u la te  the  
i r r a d i a t e d  t h y m u s . Such  c e l l s  h av e  b e e n  found in  a v ia n  
em b ry o n ic  b lo o d ,  s p le e n ,  m a r r o w  and y o lk - s a c  (M o o re  and O w en, 
1967), in m a m m a l i a n  y o lk - s a c  (M oore  and M e tc a l f ,  1970) and 
in  f o e ta l  l i v e r  ( T a y lo r ,  1964). W hen  th e  b lo o d -b o rn e  c e l l s  f i r s t  
a r r i v e  in  th e  th y m ic  r u d im e n t ,  the  only  o th e r  t i s s u e s  c o n ta in in g
h a e m o p o ie t ic  s t e m  c e l l s  a r e  the  y o lk - s a c  and  fo e ta l  l i v e r  in  th e  
m o u s e  and  y o lk - s a c  and  s p le e n  in  c h i c k e n s .  Of t h e s e ,  the  m o u s e  
fo e ta l  l i v e r  and av ian  s p le e n  a r e  c o n s id e r e d  to  be  r u d im e n ta r y  
t h e m s e lv e s  a t  th i s  s ta g e ;  t h e r e f o r e  the  p r e - t h y m i c  lym pho id  
p r e c u r s o r s  a r e  th ough t to  o r ig in a te  f r o m  th e  y o l k - s a c .  T h e  
l a r g e ,  b a s o p h i l ic  c e l l s  s e e n  in  the  th y m ic  r u d im e n t  w e r e  p r e s u m e d  
to  be  th e  ly m p h o id  p r e c u r s o r s ,  a s  its a p p e a r a n c e  in  th e  th y m u s  
c o r r e l a t e d  w ith  th e  o n s e t  of th y m ic  ly m p h o p o ie s i s .  M o re  
c o n c lu s iv e  p r o o f  w a s  o b ta in e d  w h en  t r i t i a t e d  th y m id in e  (^H TdR) 
l a b e l le d  e m b ry o n ic  h a e m o p o ie t ic  c e l l s  w e r e  in je c te d  in t r a v e n o u s ly  
in to  d e v e lo p in g  e m b r y o s .  L a b e l le d  c e l l s  w e r e  s e e n  in  th e  8%9 day  
ch ick  e m b ry o n ic  th y m u s ,  f i r s t  in  th e  b lood  v e s s e l s  and c o n n e c t iv e  
t i s s u e  s u r ro u n d in g  th e  th y m ic  r u d im e n t .  T h e s e  c e l l s  w e r e  l a r g e ,  
u n d i f f e r e n t ia t e d  w ith  b a s o p h i l i c  c y to p la s m  and p r o m in e n t  n u c le o l i .  
T h e y  w e r e  found  in  th e  th y m ic  p r i m o r d i u m  b e fo re  i t s  v a s c u l a r i s a t i o n  
and w e r e  though t to  h a v e  m i g r a t e d  f r o m  the  b lood  v e s s e l s  in to  the  
s u r ro u n d in g  m e s e n c h y m e ,  p e n e t r a t i n g  i t s  b a s e m e n t  m e m b r a n e  and 
e n te r in g  th e  ep i th e liu m ^  24 -4  8 h o u r s  a f t e r  in j e c t io n ,  s m a l l e r  
la b e l le d  c e l l s  w e r e  found in  th e  th y m u s  th a t  r e s e m b l e d  l a r g e  and  
m e d iu m  ly m p h o c y te s ;  f u r t h e r m o r e  l a b e l le d  d iv id in g  c e l l s  w e re  
a l s o  o b s e r v e d  in  th e  th y m u s  (M o o re  and  O w en, 1971).
I t  is  no t know n f o r  c e r t a i n  w h e th e r  th e s e  s t e m  c e l l s  a r e  
p r e - c o m m i t t e d  to  th e  T - ly m p h o c y te  l in e a g e  of d i f f e r e n t ia t io n  
b e fo re  th e y  r e a c h  the th y m u s  o r  w h e th e r  th e y  a r e  s t i l l  m u l t ip o t e n t i a l .  
T h e r e  i s  e v id e n c e  th a t  m u l t ip o t e n t i a l  s t e m  c e l l s  e x i s t  in the  f o e ta l  
m o u s e  th y m u s  a t  12 d a y s  of g e s ta t io n  (M e tc a lf  and M o o re ,  1971), 
w h ile  B a r g  e t  a l  (197 8) r e p o r t  a  p e a k  of h a e m o p o ie t ic  a c t iv i ty  a t
15 d a y s ,  a s  in d ic a te d  by  th e  sp le e n  co lony  a s s a y  (T i l l  and 
M cC u llo u g h ,  1961). O nce  w ith in  th e  th y m u s ,  s t e m  c e l l s  a r e  
no t s e l f - r e n e w in g  a s  in  t h e i r  t i s s u e  of o r ig in  and  t h e i r  n u m b e r s  
a r e  m a in ta in e d  by  new ly  m i g r a t e d  s t e m  c e l l s .  In  th e  n eo n a te  
an d  a d u l t ,  s t e m  c e l l s  c o n t in u e  to  e n t e r  th e  th y m u s  and a r e  d e r iv e d  
u l t im a te ly  f r o m  bone  m a r r o w  w h ich  b e c o m e s  th e  p r i m a r y  h a e m o ­
p o ie t ic  o r g a n .  T h e  m a r r o w  o r ig in  of th y m ic  p r e c u r s o r  c e l l s  in  
the  ad u l t  h a s  b e e n  show n in  a  n u m b e r  of s tu d ie s .  B ro w n  e t  a l  (1953) 
and K a p la n  e t  a l  (1954) n o te d  th a t  w hole  body i r r a d i a t i o n  of m ic e  
had  le d  to  th e  r a p id  in v o lu t io n  of the  th y m u s ;  r a p id  r e g e n e r a t i o n  
of th e  th y m u s  cou ld  be  a c h ie v e d  by  sh ie ld in g  th e  th ig h s  o r  by 
in je c t io n  of sy n g e n e ic  bone  m a r r o w  c e l l s ,  b u t  n o t  th y m o c y te s .  
H a r r i s  e t  a l  (1964) u s in g  c h r o m o s o m e  m a r k e r s  in  p a r a b io s e d  
m ic e  show ed e x te n s iv e  t r a f f i c  of c e l l s  b e tw ee n  b o n e  m a r r o w  and 
th e  th y m u s ,  and  G e n g o z ia n  e t  a l  (1957) w e r e  a b le  to  r e p o p u la te  the  
i r r a d i a t e d  m o u s e  th y m u s  w ith  r a t  bone m a r r o w .  C y to lo g ic a l  
ev id en ce  of the  r e l a t io n s h ip  b e tw e e n  m a r r o w  s t e m  c e l l s  and 
ly m p h o c y te s  w a s  o b ta in e d  by  W u et a l (1968).
Z. S T R U C T U R E  O F T H E  THYMUS
A ny s tudy  of ly m p h o c y te  d i f f e r e n t ia t io n  in  th e  th y m u s  
r e q u i r e s  a c o n s id e r a t i o n  of i t s  u n iq u e  a r c h i t e c t u r e  th a t  c o n t r i b u te s  
to th e  m i c r o e n v i r o n m e n t  of the  o r g a n .  T h e  m i c r o s c o p ic  s t r u c t u r e  
of the  th y m u s  h a s  b e e n  w e l l  d o c u m e n te d  ( C la rk ,  1973; W e i s s ,  1977; 
and H a m , 1977). E a c h  of the  two lo b e s  i s  s u r ro u n d e d  by  a
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T h e  u se  of a s p e c i e s - s p e c i f i c  c h r o m o s o m a l  m a r k e r s  h a s  en ab led  
the  e v a lu a t io n  of the  c o n t r ib u t io n  of e p i th e l ia l ,  m e s e n c h y m a l  and 
b lo o d -b o rn e  h a e m o p o ie t ic  c e l l s  to  th y m ic  h i s to g e n e s i s  in q u a i l - c h ic k  
c h i m a e r a s .  T h e  ly m p h o id  p o p u la t io n  of th e  th y m u s  w a s  d e r iv e d  w ho lly  
f r o m  i m m ig r a n t  b lo o d - b o r n e  s t e m  c e l l s  w hich  f i r s t  s eed  the th y m ic  
ru d im e n t  a t  a  p r e c i s e  s ta g e  of i t s  d e v e lo p m e n t ,  c h a r a c t e r i s t i c  fo r  e a c h  
of the  two s p e c i e s .  T h i s  in i t i a l  in flux  b e ing  fo llow ed  by d e f in e d ,  
s u c c e s s iv e  w a v e s  of c e l l  in f low . T h e  e n d o d e rm  of the  th i r d  and fo u r th  
p h a ry n g e a l  p o u c h e s  w e r e  d e t e r m in e d  to d i f f e r e n t ia t e  in to  the e p i th e l i a l  
c o m p o n e n t  of the  o r g a n  (L e  D o u a r in  and J o t e r e a u ,  197 5). T r a n s f i l t e r  
c u l tu r e  e x p e r i m e n t s  h av e  s u g g e s te d  th a t  the  o n s e t  of c e l l  m i g r a t i o n  to 
the  th y m u s  ta k e s  p la c e  only  w hen  a c h e m o ta c t ic  s u b s ta n c e  i s  p ro d u c e d  
by the  th y m u s ,  i t s  e f fe c t  be ing  e x e r t e d  on b lo o d -b o rn e  p r e c u r s o r s .
T he  e l a b o r a t io n  of th i s  a t t r a c t a n t  a p p e a r s  to be r e g u la te d  by a 
f e e d b a c k  m e c h a n i s m  upon  c o lo n is a t io n  of the  th y m u s  by ly m p h o id  
p r e c u r s o r s .  T h e  p h a s e s  of th y m ic  in v a s io n  l a s t  ab o u t  24 h o u r s  in  the  
q u a i l  and o c c u r  e v e r y  5 d a y s .  F u r t h e r m o r e ,  i t  w a s  found th a t  c e l l s  
th a t  had  a l r e a d y  c o lo n is e d  the b u r s a  of f a b r i c iu s  w e r e  no t found to be 
r e f r a c t o r y  to  th e  c h e m o ta c t ic  in f lu e n c e s  of the  th y m u s  and w e r e  ab le  
to  d i f f e r e n t i a t e  a long  the  T - l i n e a g e  (Le D o u a r in ,  1980).
8c o n n e c t iv e  t i s s u e  c a p s u le  d e r iv e d  f r o m  m e s e n c h y m e  w h ich  
e x te n d s  in to  e a c h  lobe  a s  s e p ta e ,  d iv id ing  th e m  in to  in c o m p le te  
lo b u le s .  T h e  e p i th e l i a l  c e l l s  a r e  a r r a n g e d  in  a s p o n g e - l ik e  
n e tw o rk ,  jo in e d  a t  t h e i r  p r o c e s s e s  by  d e s m o s o m e s ,  th u s  b e in g  
c a l le d  r e t i c u l a r  e p i th e l i a l  o r  r e t i c u lu m  c e l l s .  L y m p h o id  c e l l s  
a r e  found in m u c h  g r e a t e r  n u m b e r  in  the  o u te r  p a r t  of e a c h  
lo b u le ,  p a c k e d  b e tw e e n  the  i n t e r s t i c e s  of th e  e p i th e l i a l  c e l l s ,  
f o rm in g  th e  c o r t e x .  T h e  i n n e r ,  m e d u l l a r y  r e g io n  h a s  f e w e r  
ly m p h o id  c e l l s ,  th u s  the  m e d u l l a r y  e p i th e l ia l  c e l l s  a r e  n o t  w id e ly  
s e p a r a t e d  a s  in  th e  c o r t e x  and a p p e a r  ty p ic a l ly  e p i th e l i a l .  In  
th e  o u te r  c o r t e x ,  the  ly m p h o id  c e l l s  a r e  l a r g e r  and a p p e a r  as 
l y m p h o b la s t s ;  d e e p e r  in  th e  c o r t e x  th ey  a r e  s m a l l e r  and  in  the 
m e d u l la  th e y  r e s e m b l e  p e r i p h e r a l  s m a l l  ly m p h o c y te s .  C e l l  
d iv i s io n  of the  l a r g e  and m e d iu m  c e l l s  to f o r m  s m a l l  ly m p h o c y te s  
p r e c e d e s  t h e i r  m i g r a t i o n  th ro u g h  th e  i n t e r s t i c e s  of the  e p i th e l iu m  
into th e  m e d u l la .
B r a n c h e s  of the  su b c la v ia n  a r t e r y  e n t e r  the  m e d u l la  th ro u g h  
the  s e p ta e ,  w h e r e a s  on ly  c a p i l l a r i e s  a r e  found in  th e  c o r t e x .
T h e s e  a r e  d e r iv e d  f r o m  a r t e r i o l e s  lo c a te d  in  th e  c o r t i c o - m e d u l l a r y  
ju n c t io n ,  f r o m  w h e r e  th e y  a s c e n d  in to  th e  c o r t e x  fo rm in g  
a n a s ta m o s in g  lo o p s .  T h e y  r e t u r n  to  th e  c o r t i c o - m e d u l l a r y 
ju n c t io n  w h e re  th e y  d r a i n  in to  the  p o s t - c a p i l l a r  y v e n u le s  of the 
m e d u l la .  B y th i s  v a s c u l a r  a r r a n g e m e n t ,  the  c o r t e x  l i e s  " u p s t r e a m "  
f r o m  the  m e d u l la ,  h av in g  f i r s t  c o n ta c t  w ith  b lo o d -b o rn e  a n t ig e n s  
w h i ls t  b e ing  i s o la t e d  f r o m  any m e d u l l a r y  h u m o r a l  in f lu e n c e s .  T h e  
s y s te m  a l s o  e n a b le s  the  p o s s i b i l i ty  of a c o u n t e r - c u r r e n t  m e c h a n i s m  
in  the  th y m u s .  C l a r k  (1963) found e v id en ce  of a  c o n t in u o u s  
e p i th e l iu m  s u r ro u n d in g  th e  c a p i l l a r i e s  of the c o r t e x ,  the  sp ace
in b e tw e e n  b e in g  f i l le d  w ith  ly m p h o c y te s  and m a c r o p h a g e s .  A 
b a s e m e n t  m e m b r a n e  w a s  s e e n  to  c o v e r  bo th  the  e p i th e l i a l  c e l l s  
and the  e n d o th e l iu m  of c a p i l l a r i e s .  T h i s  a r r a n g e m e n t  i s  b e l ie v e d  
to  c o n s t i tu te  a b lo o d - th y m ic  b a r r i e r  in  th e  c o r t e x  w h ich  e f fe c t iv e ly  
p r e c l u d e s  a n t ig e n ic  m a t e r i a l  in  a  c a p i l l a r y  f r o m  r e a c h in g  the  
d ev e lo p in g  ly m p h o c y te s .  B y in je c t in g  e l e c t r o n - o p a q u e  t r a c e r s ,  
R a v io la  and  K a r n o v s k y  (1972) h a v e  d e m o n s t r a t e d  th a t  the  b lo o d -  
th y m u s  b a r r i e r  i s  im p e r v io u s  in  the  c o r t e x  bu t le a k y  in  th e  
c o r t i c o - m e d u l l a r y  ju n c t io n .  T h e  th y m u s  l a c k s  an  a f f e r e n t  
ly m p h a t ic  d r a in a g e ,  but e f f e r e n t  ly m p h a t i c s  d r a in  f r o m  th e  m e d u l l a r y  
re g io n  w h ich  a l s o  c o n ta in s  the  m e d u l l a r y  v e n u le s  s u r r o u n d e d  by a  
s h e a th  of p e r i v a s c u l a r  c o n n e c t iv e  t i s s u e .  T h e  s m a l l  ly m p h o c y te  
th a t  e n t e r s  the  p e r i p h e r y  i s  though t to le a v e  the  th y m u s  in  th i s  
r e g io n .  K o ta n i  e t  a l  (1966) h a v e  s u g g e s te d  s o m e  ly m p h o c y te s  
le a v e  the o r g a n  v ia  th e  p e r i v a s c u l a r  ly m p h a t ic  c h a n n e l s .  H o w e v e r ,  
E r n s t r o m  et a l  (1965) c a n n u lâ t  ed th y m ie  a r t e r i e s  and v e in s  and 
o b s e rv e d  a n e t  ga in  of ly m p h o c y te s  in  th e  venous  b lo o d ,  s u g g e s t in g  
a  v a s c u l a r  r o u te  of e x i t .
3. D IF F E R E N T IA T IO N  IN T H E  THYMUS
T h e  d e v e lo p m e n t  of su b p o p u la t io n s  of th y m o c y te s  h a s  b e e n  
e x te n s iv e ly  r e v ie w e d  by  C a n t o r  and  W e i s s m a n  (1976) and S tu tm a n  
(1978). T he  d i f f e r e n t ia t io n  p r o c e s s  f r o m  l a r g e  s t e m  c e l l  to 
m e d u l l a r y  s m a l l  ly m p h o c y te  i s  a c c o m p a n ie d  by the a c q u i s i t io n  of 
s u r f a c e  a n t ig e n s ,  l o s s  of s e n s i t i v i ty  to  g lu c o c o r t i c o id s ,  an i n c r e a s e  
in  r e s p o n s i v e n e s s  to the  m i to g e n  P h y to h a e m a gg lu t in in  (PH A ),
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and a d e c r e a s e  in  th y m u s  s p e c if ic  a n t ig e n ic i ty .  T h e  ab o v e  c h a n g e s  
o c c u r  in  c o n c e r t  w ith  s u c c e s s iv e  c e l l  d iv i s io n s .  A d m in i s t r a t i o n  
of T d R  p a r e n t e  r a l l y  o r  in t  r  a th y m ic  a l l  y sh o w s th e  d iv id ing  
c e l l s  a r e  a l m o s t  w h o lly  l a r g e  and m e d iu m  ly m p h o c y te s  in  th e  
c o r t e x .  If pu l s e - la b e l l in g  te c h n iq u e s  a r e  u s e d ,  th e  la b e l  i s  found 
to  sh if t  f r o m  l a r g e  and  m e d iu m  c e l l s  to  s m a l l  ly m p h o c y te s ;  n e a r l y  
95% of th e  s m a l l  ly m p h o c y te s  b e in g  la b e l le d  by  2 -4  d a y s ,  t h e r e f o r e  
th e y  a r e  d e r iv e d  f r o m  la b e l le d  p r e c u r o s r s  s i tu  (C ra d d o c k  e t a l ,  
1964; M e tc a l f  and  W ia d ro w s k i ,  1966; F a th m a n  e t  a l ,  1975; and 
W e i s s m a n ,  197 3). H o w e v e r  t h e r e  i s  e v id e n c e  th a t  a  p o p u la t io n  of 
s e l f -g e n e  r a t i n g  c e l l s  e x i s t  in  the  m e d u l la  (C la rk ,  1968 and 
S h o r tm a n  an d  J a c k s o n ,  1974).
T h e  c y to ly t ic  e f fe c t  of g lu c o c o r t ic o id s  on ly m p h o id  t i s s u e  
h a s  b e e n  know n f o r  s o m e  t i m e  (S a n t i s te b a n  and  D o u g h e r ty ,  1954).
I t s  e f f e c t s  a r e  m o s t  a p p a r e n t  in  the  th y m u s  w h e r e  i t  c a u s e s  
1 y m p h o c y to ly s is  w i th in  h o u r s  and le a d s  to a dose  d e p e n d e n t  o rg a n  
w e ig h t l o s s .  T h e r e  i s  a  su b p o p u la t io n  in  the  m e d u l la  th a t  a p p e a r s  
to be  c o r t i s o n e  r e s i s t a n t ,  and w hich  la c k s  th e  s u r f a c e  a n t ig e n ic  
d e t e r m in a n t s  of m o r e  m a t u r e  th y m o c y te s  (S c h le s in g e r  and  
G o lo k a i ,  1967). T h e s e  c e l l s  a r e  tho u g h t to be r e a c t i v e  in  the  
g r a f t  v e r s u s  h o s t  r e a c t io n  (GVHR) (C ohen e t  a l ,  1970; and  
B lo m g r e n  and A n d e r s  son , 1969). W e is s m a n  (1973) d e m o n s t r a t e d  
th e s e  c o r t i s o n e  r e s i s t a n t  m e d u l l a r y  c e l l s  to  be d e r iv e d  f r o m  the  
c o r t i s o n e  s e n s i t iv e  p r e c u r s o r s  of th e  c o r t e x .  B y  lo c a l ly  a p p ly in g  
^H T d R  to  th e  th y m u s  c a p s u le ,  he  show ed la b e l le d  c o r t i c a l  c e l l s  
w e r e  s e n s i t i v e  to  c o r t i s o n e  b u t  t h e i r  l a b e l le d  m e d u l l a r y  d e s c e n d a n ts  
w e r e  n o t.
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D u r in g  d i f f e r e n t i a t io n  w ith in  the  th y m u s ,  th y m o c y te s  e x p r e s s  
the  fo l lo w in g  s e r o lo g ic a l ly  d e f in ed  s u r f a c e  a n t ig e n s : - l a .  T h y  1,
T L ,  GIX, MSLiA, T h . B  and  th e  a n t ig e n s  of th e  L y  s e r i e s  (R ev iew e d  
by R aff ,  1971 and  S ch le  s in g e r ,  1972). T h e  T h y .  1 a n t ig e n  i s
I
found on th y m o c y te s  (R e if  and  A lle n ,  1964) and on th y m u s  d e r iv e d  
p e r i p h e r a l  ly m p h o c y te s  in  e i t h e r  of two a l l e l i c  f o r m s .  T h y . H a n d  
T h y  1 ,2  (R aff ,  1969). T h e  H .2  a n t ig e n s  c o d e d  by  the  m a jo r  
h is to c o m p a t ib i l i ty  c o m p le x  (M H C )^ ^  p r e s e n t  on s e v e r a l  t i s s u e s .
T h e  th y m u s  le u k a e m ia  (T L ) a n t ig e n s  a r e  c o d ed  by a s e t  of 4 l in k ed  
g e n e s  e i t h e r  s in g ly  o r  in  c o m b in a t io n s ,  in  c e r t a i n  s t r a i n s  of m ic e  
(B oyse  an d  O ld ,  1969). B one  m a r r o w  s t e m  c e l l s  p o s s e s s  H -2  
a n t ig e n s  but la c k  T h y .  1 ( R i t t e r ,  1978); th e  f i r s t  c e l l s  to s eed  th e  
th y m u s  d u r in g  o n togeny  o r  w h ich  r e  p o p u la te  a  thym us g r a f t ,  la c k  
th y m u s  s p e c if ic  a n t ig e n s  (O w en and  R a ff ,  1970). L a t e r ,  s m a l l e r  
c e l l s  a r e  s e e n  w h ich  e x p r e s s  h igh  d e n s i t i e s  of T h y .  1 and T L .  
F r a c t i o n a t i o n  of th y m o ç y te s  on  d e n s i ty  g r a d ie n t s  of b e tw e e n  19-35% 
bov ine  s e r u m  a lb u m in  (BSA), s e p a r a t e s  c e l l s  in to  two b r o a d  bands .
T he  m a j o r i t y  of c e l l s  e q u i l ib r a t e  b e tw e e n  25-29% ; th e s e  d e n s e r  
c e l l s  h a v e  h igh  T h y  1 and  a r e  T L  p o s i t iv e ,  h ave  low  H . 2 a n t ig e n s  
and a r e  c o r t i s o n e  s e n s i t i v e .  A m o r e  b u o y an t  f r a c t i o n  (19-25%) 
w e r e  low  T h y  1, T L  n e g a t iv e ,  h igh  H .2  and w e r e  c o r t i s o n e  r e s i s t a n t  
(C o lle y  e t  a l ,  1970; K o n d a  e t  a l ,  197 3; and L e v e y  and  B u r le s o n ,  1972). 
T h e s e  b u o y an t c e l l s  w e r e  e f fe c t iv e  in  the  GVH R, show ed m i to g e n  
and m ix e d  ly m p h o c y te  r e a c t iv i t y  and m i g r a t e d  p r e f e r e n t i a l l y  to 
ly m p h  n o d e s ,  t h e s e  p r o p e r t i e s  be ing  a s s o c i a t e d  w ith  p e r i p h e r a l  
T ly m p h o c y te s  (B lom gren  and A n d e r s  son , 1969 and 1971; C o h en  
e t  a l ,  1970; and L e c k b a n d  and  B o y s e ,  1971).
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PH A  r e s p o n s iv e  m e d u l l a r y  th y m o c y te s  h a v e  b e e n  c o n s id e r e d  
to b e  the  im m e d i a t e  p r e c u r s o r s  of p e r i p h e r a l  im m u n o c o m p e te n t  
T ly m p h o c y te s .  H o w e v e r ,  t h e r e  i s  e v id en ce  th a t  a p o p u la t io n  of 
c o r t i s o n e  r e s i s t a n t  m e d u l l a r y  th y m o c y te s  w h ich  a r e  PHA 
r e s p o n s iv e  m a y  n e v e r  l e a v e - th e  t h y m u s . T h e y  h a v e  an  e s t i m a t e d  
l i f e - s p a n  of a t  l e a s t  217 d a y s  (E l l io t t ,  1973). A d d i t io n a l  e v id e n c e  
f o r  th e  m e d u l l a r y  s m a l l  ly m p h o c y te  n o t  b e in g  th e  im m e d ia te  
p r e c u r s o r  of im m u n o c o m p e te n t  p e r i p h e r a l T  ly m p h o c y te s  c o m e s  
f r o m  p a s s i v e  t r a n s f e r  e x p e r i m e n t s .  S p le e n  c e l l s  f r o m  le th a l ly  
i r r a d i a t e d  a n i m a l s  p r e v io u s l y  in je c te d  w ith  sy n g e n e ic  th y m o c y te s  
o r  ly m p h  node c e l l s  w e r e  t e s t e d  f o r  m ix e d  ly m p h o c y te  r e a c t iv i t y  
a g a in s t  a l lo g e n e ic  c e l l s .  In  a n i m a l s  r e c o n s t i tu te d  w ith  th y m o c y te s  
and c o r t i s o n e  r e s i s t a n t  th y m o c y te s ,  m ix e d  ly m p h o c y te  r e a c t iv i t y  
w as  on ly  s e e n  a f t e r  a  p e r io d  of 3-4 d a y s ,  w h e r e a s  ly m p h  node 
c e l l s  w e r e  r e a c t i v e  w ith in  24 h o u r s  of t r a n s f e r .  A s  c o r t i s o n e  
r e s i s t a n t  th y m o c y te s  a r e  c o n s id e r e d  to  be r e a c t iv e  in  the  m ix e d  
ly m p h o c y te  c u l tu r e  (M L C ), th e s e  c e l l s  th a t  m i g r a t e  to  the  s p le e n s  
of i r r a d i a t e d  h o s t s  m u s t  r e p r e s e n t  an  i m m a t u r e  su b p o p u la t io n  
th a t  r e q u i r e s  f u r t h e r  m a t u r a t i o n  in  the  s p le e n  o r  p e r i p h e r y  (M o s ie r  
and  C a n to r ,  1971).
T h e  d i f f e r e n t i a t io n  f r o m  s te m  c e l l  to T ly m p h o c y te  i s  w h o lly  
d e p e n d e n t  on  th e  th y m u s ;  th i s  d e p e n d e n c e  i s  b e s t  i l l u s t r a t e d  in  
the  c o n g e n i ta l ly  a  th y m ic  "n u d e "  m o u s e  th a t  i s  h o m o z y g o u s  f o r  a 
r e c e s s s i v e ,  p le io ty p ic  g ene  (n u /n u ) .  T h e s e  a n i m a l s  la c k  T 
ly m p h o c y te s  and  a r e  u n ab le  to  m a n i f e s t  a c e l l  m e d ia te d  im m u n e  
r e s p o n s e  ( P a n te l o u r i s  1968 and  1971; D e S o u sa  e t a l ,  1969; and 
W o r t i s ,  1971a).  I t  i s  though t th a t  th e s e  m ic e  h a v e  a d e fe c t  in  the
" 3
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d e v e lo p m e n t  of the  e p i th e l i a l  c o m p o n e n t  of th e  th y m u s  (W ortis  
et a l ,  1971 ) ,  In  e a r l y  e m b ry o n ic  l i f e ,  a v e s t i g i a l  th y m ic  r u d im e n t  
a p p e a r s  b u t  d o e s  n o t  b e c o m e  ly m p h o id  and r e m a i n s  e p i th e l i a l  
( C o r d ie r ,  1974 and  O w en  e t  a l ,  1975). H o w e v e r ,  t h e r e  h a v e  b e e n  
c l a im s  th a t  if  th e  th y m ic  r u d im e n t  i s  r e m o v e d  a t  13 d a y s  of 
g e s ta t io n  and  c u l tu r e d ,  h o m o z y g o u s  n u /n u  th y m u s e s  b e c o m e  
in d is t in g u is h a b le  f r o m  h e te r o z y g o u s  n u /+  th y m u s e s  in  t h e i r  
c a p a c i ty  f o r  ly m p h o p o ie s i s  and  to  g e n e r a te  GVH r e a c t iv e  c e l l s  
( C h a k r a v a r ty  e t  a l ,  1975), T h e  s p le e n  and  bone n a r r o w  of n u /n u  
m ic e  p o s s e s s  p r e - t h y m i c  c e l l s  w h ich  a r e  c a p a b le  of r e p o p u la t in g  
the  th y m u s  and  u l t im a te ly  th e  th y m u s -d e p e n d e n t  a r e a s  of p e r i p h e r a l  
ly m p h o id  o r g a n s ,  if  t h y m u s e s  f r o m  n e o n a ta l  d o n o r s  a r e  g r a f te d  in 
th e s e  a n im a l s  (L o o r  and K in d r e d ,  1973; P r i t c h a r d  and M ic k le m ,
1973; W o r t i s  e t a l  197 lb  and  D e S o u s a  and P r i t c h a r d ,  1974). T h e  
im m u n e  r e a c t i v i t y  of t h e s e  t h y m u s - d e r i v e d  h o s t  ly m p h o c y te s  i s  
m a r k e d ly  g r e a t e r  th a n  th a t  of u n t r e a te d  c o n t r o l s  but lo w e r  th a n  
th a t  of n o r m a l  m i c e  (K in d re d  and D o o r ,  1 974 and L o o r  e t  a l ,  1976). 
T h e  r e s t o r a t i v e  e f f e c t s  of th y m u s  g ra f t in g  c a n  on ly  be  a c h ie v e d  if  
a  f r e e  th y m u s  g r a f t  i s  u s e d ,  and  not if e n c lo se d  in  a c e l l - im p e r m e a b le  
d if fu s io n  c h a m b e r  ( P i e r p a o l i  and  B e s e d o v s k y ,  1975). T h u s  t r a f f i c  
th ro u g h  th e  th y m u s  i s  a  p r e - r e q u i s i t e  to  g e n e r a te  im m u n o c o m p e te n t  
T c e l l s .  T h e  a g e  of the  g r a f te d  d o n o r  th y m u s  i s  s ig n if ic a n t ,  th y m u s e s  
f r o m  a d u l t  a n i m a l s  d id  n o t  r e s t o r e  im m u n e  r e a c t i v i t y  in  n u /n u  
m i c e  (R adov e t  a l ,  1975). A du lt  and n o n - ly m p h o id ,  e p i th e l i a l  
g r a f t s  w e r e  p o o r ly  r e p o p u la te d  by  h o s t  c e l l s  (L o o r  and  H agg , 1977).
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T h e  L y t m a r k e r s  w h ich  sp e c ify  fu n c t io n a l  s u b c l a s s e s  of p e r i p h e r a l  
T c e l l s ,  a r e  c o n s id e r e d  to be a c q u i r e d  in a s t a g e - s p e c i f i c  m a n n e r  in  
d i s t i n c t  l i n e a g e s  of t h y m o c y te s .  S p ec if ic  a n t i s e r a  to th e s e  s u r f a c e  
a n t ig e n s  t h e r e f o r e  p ro v id e  a p ro b e  fo r  a n a ly s in g  T c e l l  h e t e r o g e n e i t y  and  
in t r a th y m ic  m a tu r a t i o n .
It i s  th ough t th a t  L y t  1 c e l l s  c o m p r i s e  th e  h e lp e r  and M L R  r e a c t iv e  
c e l l s ,  and L y t  2 th e  s u p p r e s s o r  and  cy to to x ic  p o p u la t io n s .  A p o p u la t io n  
th a t  e x p r e s s e s  bo th  a n t ig e n s  ie .  L y t  3,, 2 i s  c o n s id e r e d  to r e p r e s e n t  
p r e c u r s o r s  of cy to to x ic  and s u p p r e s s o r  c e l l s .  T h e  m i n o r i t y  of 
im m u n o c o m p e te n t  c e l l s  in  the th y m u s ' a r e  c o n s id e r e d  to  h av e  th e  
d i s t r i b u t io n  of m a r k e r s  c h a r a c t e r i s t i c  of p e r i p h e r a l  T c e l l s .  By 
d i r e c t  in je c t io n  of f l u o r e s c e n c e  in t r a th y m ic  a l ly ,  the  p h en o ty p ic  
d i s t r i b u t io n  of la b e l le d  m i g r a n t s  in  p e r i p h e r a l  ly m p h o id  o r g a n s  w e re  
s tu d ie d .  A bout 75% of th y m u s  m i g r a n t s  w e re  L y t  1 and  25% w e re  
L y t  1, 2. T h u s ,  i t  would a p p e a r  th a t  the p h e n o ty p e s  of T c e l l s  f o r  the  
L y t a n t ig e n s  a t  l e a s t  a r e  d e t e r m in e d  w ith in  the  th y m u s  (S co llay  e t  a l ,  197 8). 
F u r t h e r m o r e ,  the  s a m e  e x p e r i m e n t a l  te c h n iq u e  h a s  show n th a t  the  
m e d u l la  i s  no t the  p r i m a r y  s o u r c e  of th y m ic  m i g r a n t s  a s  w as  o n ce  
th o u g h t .  T h e  e m ig r a n t  c e l l s  t h e m s e lv e s  w e r e  m a in ly  c o r t i s o n e -  
s e n s i t iv e  c o r t i c a l  c e l l s  (S co llay  e t  a l ,  1980).
W ith  m o n o lo n a l  a n t i s e r a  r a i s e d  to th e s e  a n t ig e n s ,  it h a s  b e e n  
p o s s ib le  to d e te c t  both  L y t  1 and  L y t  1, 2 c e l l s  e a r l y  in  a l l  su b p o p u la t io n s  
of th y m o c y te s ,  in c lu d in g  th e  e a r l y  s u b c a p s u la r  ly m p h o b la s t s .  T h e s e  
f in d in g s  su g g e s t  a t  l e a s t  two s e p a r a t e  l i n e a g e s ;  the L y t  1 ,2  c l a s s  not 
b e ing  a p r e c u r s o r  of th e  L y t  1 s u b c l a s s .  L ik e w is e ,  the ThB a n t ig e n  
w as  found to be on a l l  s u b c l a s s e s  of c e l l s  in  the  th y m u s .  T h e r e f o r e ,  
it a p p e a r s  th a t  the  th y m o c y te  p o p u la t io n  is  h e te r o g e n o u s  even  w ith in  
the  e a r l i e s t  p r e c u r s o r  p o p u la t io n  (S co llay  and W e i s s m a n ,  1 980).
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4 .  H U M O RA L IN F L U E N C E S  O F T H E  THYMUS
T h e  p o s s i b i l i t y  th a t  the  th y m u s  m a y  be  a n  e n d o c r in e  g land  
h a s  long  b e e n  s u s p e c te d  by M ax im o w  and by G r é g o i r e  (R ev iew ed  
by M e tc a l f  and  M o o re ,  1971). M ax im o w  p o s tu la te d  th a t  the  
e p i th e l i a l  c e l l s  of th e  th y m ic  m e d u l la  so m eh o w  a t t r a c t e d  w a n d e r in g  
lym p h o id  c e l l s  ( w a n d e r  z e l l  en) and  s t im u la te d  t h e i r  p r o l i f e r a t i o n  
w ith in  th e  th y m u s .  G r é g o i r e  s p e c u la te d  th a t  th i s  " ly m p h o e p i th e l ia l  
s y m b io s i s "  w as  m e d ia te d  b y  a  h o r m o n a l  m e c h a n i s m .  M o re  r e c e n t  
e v id e n c e  to s u b s ta n t i a te  th e  e n d o c r in e  h y p o th e s i s  c a m e  f r o m  
a b l a t i o n - r e p l a c e m e n t  e x p e r i m e n t s ,  w h e re  n e o n a ta l ly  th y m e c to m is e d  
(NTx) m ic e  w e r e  im m u n o lo g ic  a l ly  r e s t o r e d  w h e n  im p la n te d  w ith  
th y m u s  g r a f t s .  T h e  two a l t e r n a t i v e  bu t m u tu a l ly  in e x c lu s iv e  
i n t e r p r e t a t i o n s  w e r e  th a t  h o s t  c e l l s  b e c a m e  im m u n o c o m p e te n t  by  
t r a f f i c  th ro u g h  the  g r a f te d  th y m u s ,  o r  th e  g r a f t  s e c r e t e d  a h u m o r a l  
f a c t o r  w h o se  t a r g e t  w a s  the  h o s t  c e l l s  ( D a lm a s s o  e t  a l ,  1963;
M i l l e r  and  O so b a ,  1963 and H a r r i s  and F o r d ,  1963 and  1964). T h e  
h u m o r a l  h y p o th e s i s  g a in ed  f u r t h e r  c r e d a n c e  w hen  th e  r e s t o r a t i v e  
e f fec t  w a s  m e d ia te d  ev e n  w h en  th e  g r a f t  w a s  e n c lo s e d  in a  c e l l  
i m p e r m e a b l e  d if fu s io n  c h a m b e r  (L e v e y  et a l ,  1963a and b; L aw  
e t a l ,  1964 and O so b a  and  M i l l e r ,  1963 and  1964). I n d i r e c t  
ev id e n c e  f r o m  a p h y s io lo g ic a l ly  n o r m a l  s i tu a t io n  w a s  o b ta in ed  
w hen  N T x  GBA f e m a le  m i c e  w e r e  m a te d  w ith  n o r m a l  m a le s  c a r r y i n g  
th e  T 6 / T 6  c h r o m o s o m e  m a r k e r .  A f te r  th e  b i r t h  of t h e i r  l i t t e r s ,  
th e  im m u n o lo g ic a l  r e s p o n s e s  of th e  N T x f e m a l e s  w e r e  s i m i l a r  to 
s h a m  T x  and  p s e u d o p r e g n a n t  c o n t r o l s ,  a l th o u g h  ly m p h o c y te  l e v e l s  
w e r e  n o t  s ig n if ic a n t ly  d i f f e r e n t  b e fo re  and a f t e r  p r e g n a n c y .  A s  T ^  
m a r k e d  c e l l s  of fo e ta l  o r ig in  w e r e  no t found in  th e  N T x  f e m a le s ,
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th e  r e m e d i a l  e f fe c t  cou ld  be  a t t r ib u t e d  to  a h u m o r a l  f a c t o r  
e l a b o r a te d  b y  th e  fo e ta l  th y m u s  in  u t e r o ,  w h ich  c r o s s e d  the 
p la c e n ta  (O so b a ,  1965 and  1973).
I t  w a s  o b s e r v e d  th a t  th y m u s  g r a f t s  in  d i f fu s io n  c h a m b e r s  w e r e  not 
a b le  to r e s t o r e  the  im m u n o c o m p e t en ce  of N T x  m i c e  if t r e a t m e n t  
w as  d e la y e d  f o r  40 d a y s  a f t e r  T x .  I t  w a s  p r o p o s e d  th a t  a p e r i p h e r a l  
p o p u la t io n  of p o s t - t h y m ic  p r e c u r s o r s  of T c e l l s  w e r e  s e n s i t iv e  to 
the  h u m o r a l  in f lu e n c e s  of th e  th y m u s ;  f u r t h e r m o r e ,  th e y  w e r e  
d e p e n d e n t  on th e  i n t a c t  th y m u s  f o r  t h e i r  r e n e w a l  and  m a in te n a n c e  
of n u m b e r s .  F u r t h e r  e v id e n c e  f o r  th is  h y p o th e s i s  w a s  o b ta in e d  
w hen  h a e m o p o ie t ic  t i s s u e  f r o m  a d u l t ,  n e w b o rn  and  e a r l y  e m b r y o s  
w as  in je c te d  in to  N T x  a n im a ls  c o n ta in in g  e i t h e r  f r e e  th y m u s  g r a f t s  
o r  o n e s  in  d i f fu s io n  c h a m b e r s . E m b ry o n ic  h a e m o p o ie t ic  c e l l s  
r e q u i r e d  a  f r e e  g r a f t ,  w h e r e a s  a d u l t  and n e w b o rn  c e l l s  w h ich  
p r e s u m a b l y  c o n ta in e d  p o s t - t h y m ic  c e l l s  d id  no t r e q u i r e  c e l l u l a r  
c o n ta c t  w ith  th e  g r a f te d  th y m u s  to  r e s t o r e  th e  N T x  h o s t s  (R ev iew e d  
by  S tu tm a n ,  1975 and 1977).
S e v e r a l  l a b o r a t o r i e s  h av e  Lsola ted  and  c h a r a c t e r i s e d  a n u m b e r  
of p o ly p e p t id e s  f r o m  the  th y m u s  (R ev iew ed  by  B a c h  and C a r n a u d ,  
1976). T h e  m o s t  n o ta b le  of th e s e  a r e  th y m o s in  ( A .L .  G o ld s te in  
et a l ,  1972), th y m o p o ie t in  (G. G o ld s te in ,  1974), th y m u s  h u m o r a l  
f a c t o r  (T H F ,  S m a l l  and  T r a i n i n ,  1967) and s e r u m  th y m ic  f a c t o r  
(T F ,  B a c h  e t  a l ,  1 9 7 2 ) ,  T h y m o s in  h a s  b e e n  p u r i f i e d  f r o m  s e v e r a l  
m a m m a l i a n  s o u r c e s ,  and  i t s  b io lo g ic a l  a c t iv i ty  h a s  b een  d e s c r ib e d  
by  A . L .  G o ld s te in  (1975) and  by Low  and A . L .  G o ld s te in  (1979).
I t  i s  a h o m o g e n o u s  p r o t e i n  of a p p ro x im a te  m o l e c u l a r  w eigh t ( m . w t . )  
1200 d a l to n s  (D ). E a r l i e r  p a r t l y  p u r i f i e d  e x t r a c t s  w e r e  shown to
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re d u c e  in c id e n c e  of w a s t in g  d i s e a s e  (A sa n u m a  e t  a l ,  1970;
A . L .  G o ld s te in  e t a l ,  1 972), s t im u la te  ly m p h o c y to p o ie s i s  (K le in  
e t  a l ,  1965 an d  A . L .  G o ld s te in  e t  a l ,  1966) and en h a n c e  the  
r e j e c t i o n  of sk in  g r a f t s  and t u m o u r s  in  im m u n o d e f ic ie n t  m ic e  
( A .L .  G o ld s te in  e t  a l ,  1 970 and  Z i s b l a t t  e t  a l ,  1 970) and  in d u c e  
th y m o c y te  s p e c if ic  a n t ig e n s  to  be e x p r e s s e d  on s p le e n  and  bone  
m a r r o w  c e l l s  (S che id  e t a l ,  1973). A f te r  p r e - in c u b a t i o n  w ith  
th y m o s in ,  th y m o c y te s  f r o m  N T x  m ic e  show ed a dose  - r e l a t e d  
r e s p o n s e  in  th e  M L C . L y m p h  node  c e l l s  f r o m  th e s e  m ic e  
p r e v io u s l y  t r e a t e d  w ith  th y m o s in  in  v ivo e x h ib i te d  a  m a r k e d  i n c r e a s e  
in  ConA r e s p o n s iv e  n e s s  ( A .L .  G o ld s te in ,  1975). S om e  r e s t o r a t i o n  
of the  im m u n o d e f i c ie n c i e s  of a d u l t  N ZB m ic e  w a s  a c h ie v e d  by 
p ro lo n g e d  th y m o s in  a d m i n i s t r a t i o n .  T h e y  r e g a in e d  t h e i r  a b i l i t y  
to  r e j e c t  sk in  a l l o g r a f t s ,  r e s p o n d  in  the  MLC and  r a i s e  a n t ib o d ie s  
to  SRBC (G e rs h w in  e t  a l ,  1974). T h e  n u m b e r  of E - r o s e t t e  f o rm in g  
c e l l s  in  th e  ly m p h o c y te s  of p a t i e n t s  w ith  im m u n o d e f ic ie n c y  d i s e a s e s  
cou ld  be i n c r e a s e d  upo n  in c u b a t io n  w ith  th y m o s in  in  v i t r o  ( W a r r a  
and A m m a n n ,  1975).
T h y m o p o ie t in ,  a  p o ly p e p t id e  of m . w t .  a p p ro x .  5000 D h a s  
b e e n  p u r i f i e d  f r o m  b o v in e  th y m u s .  I t  in d u c e s  th e  e x p r e s s io n  of 
T h y .  1 and  T L  a n t ig e n s  and  m i to g e n  r e s p o n s i v e n e s s  in  p r e - T  c e l l s  
in  th e  s p le e n  and  b one  m a r r o w  (B a s c h  and G . G o ld s te in ,  1974 and 
1975 and S c h e id ,  1975). W hen  a d m in i s t e r e d  to  a n i m a l s  w ith  
e x p e r i m e n t a l ly  in d u c ed  a u to im m u n e  th y m i t i s ,  a co n d i t io n  a s s o c i a t e d  
w ith  m y a s t h e n ia  g r a v i s ,  i t  im p r o v e s  n e u r o m u s c u l a r  t r a n s m i s s i o n  
(G. G o ld s te in ,  1974). A p o r t io n  of the  m o le c u le  w ith  b io lo g ic a l  
a c t iv i ty  h a s  b e e n  s y n th e s i s e d  c h e m ic a l ly  (S c h le s in g e r  e t a l ,  1 975).
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K o m u ro  e t  a l  (1975) d e m o n s t r a t e d  tha t bone m a r r o w  and s p le e n  
c e l l s  in d u c e d  to  e x p r e s s  T L  and  T h y  1 a n t ig e n s  cou ld  s t i l l  
r e p o p u la te  th e  th y m u s  of i r r a d i a t e d  an im als .  T h i s  f ind ing  s u g g e s t s  
th a t  th e  t a r g e t  c e l l  f o r  th e  h o rm o n e  i s  the  p r o - th y m o c y te ,  r a t h e r  
th a n  a  p o s t - t h y m ic  c e l l .
T h y m ic  h u m o r a l  f a c t o r  (T H F ) i s  a n  a c id ic  p o ly p e p t id e ,  
m . w t .  a p p ro x .  3000 D, p r e p a r e d  f r o m  b o v in e  th y m u s  (R ev iew ed  by  
T r a i n i n  e t  a l ,  1975). T r a i n i n  and  c o - w o r k e r s  e a r l i e r  d e m o n s t r a t e d  
th a t  c e l l  f r e e  e x t r a c t s  of th y m u s  w e r e  c a p a b le  of r e s t o r i n g  the  
a b i l i ty  of N T x m i c e  to  r e j e c t  sk in  a l l o g r a f t s  ( T r a i n in  and L i n k e r -  
I s r a e l i ,  1967). T H F  i n c r e a s e d  th e  cy to to x ic  a c t iv i t y  of ly m p h o id  
c e l l s  to  s y n g e n e ic  tu m o u r s  in  vivo and in  v i t r o  (C a rn a u d  e t  a l ,  1973).
T h e r e  is  e v id e n c e  th a t  T H F  r e s t o r e s  th e  GVH a c t iv i t y  of sp le e n  c e l l s  
and t h e i r  p r i m a r y  an t ib o d y  r e s p o n s e  to s h eep  e r y t h r o c y t e s  (SRBC)' 
in  N T x  m ic e  ( T r a i n in  et a l ,  1969; T r a i n i n  a n d  S m a l l ,  1970; L o n a i  
e t  a l ,  1973 and R o t t e r  et a l ,  1973).
S e r u m  th y m ic  f a c t o r  (T F ) h a s  b e e n  d e te c te d  in  h u m a n  and 
a n im a l  s e r a  by  a T c e l l -S R B C  r o s e t t e  a s s a y  ( E - r o s e t t e s )  and i s  
th e  s m a l l e s t  of t h e s e  f a c t o r s ,  m .  vt. a p p ro x .  1000 D (R ev iew ed  by  
B a c h ,  1975). T h e  s e n s i t i v i ty  of r o s e t t e  fo rm in g  c e l l s  (R FC ) to  
a z a th io p r in e  (AZ) j>(ÿ|lY^ Â$a.nalogue h a s  b e e n  u s e d  a s  a m e a s u r e  of |
T c e l l  m a tu r i ty  (B ach  e t a l ,  1969). S e n s i t iv i ty  to  a n t i - T h y .  1 s e r u m  
and A Z of s p le e n  R F C  w a s  lo s t  w ith in  one w eek  of a d u l t  th y m e c to m y  
(A T x). R F C  f r o m  s p le e n s  of A T x  m ic e  w e r e  r e n d e r e d  s e n s i t i v e  to  
a n t i - T h y .  1 and A Z  by  in  v ivo o r  in  v i t r o  t r e a t m e n t  w ith  th y m ic  
e x t r a c t s .  T h i s  a c t iv i ty  w as  a l s o  found in  n o r m a l  m o u s e  s e r u m  
bu t no t in  s e r a  f r o m  T x  o r  n ude  m ic e  (B a c h  e t  a l ,  1971, B a c h  and 
D a rd e n n e ,  1973 and  D a rd e n n e  and  B a c h ,  1973).
Ï
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I t  i s  of c o u r s e  p o s s ib le  th a t  th e s e  v a r io u s  p e p t id e s  i s o la te d  
a t  d i f f e r e n t  l a b o r a t o r i e s  m a y  be  su b u n its  o r  f r a g m e n t s  of a s in g le  
p r o te in ,  e a c h  show ing  so m e  a c t iv i ty  in  the  v a r io u s  a s s a y s  u s e d .  
S e v e r a l  p h a r m a c o lo g i c a l  a g e n t s  h a v e  b e e n  found to  m i m ic k  the  
e f fe c t s  of th y m ic  h o r m o n e s .  Of th e s e ,  c . A M P ,  i t s  d e r iv a t iv e  
d ib u ty ry l  c .A M P  and a g e n t s  th a t  e le v a te  th e  l e v e l s  of endogenous  
c .A M P  su ch  a s  th e o p h y l l in e ,  i s o p r o t e r e n o l  an d  (3- a n d r e n e r g i c  
a g o n i s t s  such  a s  a d r e n a l in e  w e r e  e f fe c t iv e  (S cheid  e t  a l ,  1973 and 
1975; S ingh and O w en, 1 975 and  1976).
5. T H E  THYMUS IN V ITRO
A s  d e s c r ib e d  p r e v io u s l y ,  s o m e  d e g r e e  of d i f f e r e n t i a t io n  in  
p r e - T  c e l l s  w a s  p o s s i b l e  by  t r e a t m e n t  w ith  th y m u s  d e r iv e d  f a c t o r s .  
H o w e v e r ,  t r a f f i c  th ro u g h  th e  th y m u s  w as  e s s e n t i a l  f o r  c o m p le te  
im m u n o lo g ic a l  r e s t o r a t i o n .  T h e r e  h a v e  b e e n  n u m e r o u s  in v e s t ig a t io n s  
on the  effect of c o - c u l tu r in g  p u ta t iv e  T c e l l  p r e c u r s o r s  w ith  m o n o ­
l a y e r s  of th y m u s  in  v i t r o . T h e  r a t io n a le  b e in g ,  t h e s e  c o n d i t io n s  
w ould  a p p r o x im a te  th e  in  v ivo th y m ic  m i c r o e n v i r o n m e n t  by p e r m i t t i n g  
c e l l u l a r  i n t e r a c t i o n s  b e tw e e n  T c e l l  p r e c u r s o r s  and  th e  r e t i c u lo -  
epi the l i a i  c e l l s  of the th y m u s .  If  th e  h o r m o n a l  in f lu e n c e s  of the  
o rg a n  w e r e  n o r m a l ly  e x e r t e d  lo c a l ly ,  th a t  c r i t e r i a  would be p o s s ib le  
in th i s  s y s t e m .  T h e  e p i th e l i a l  o r ig in  of th y m ic  h o r m o n e s  h a s  b e e n  
d e m o n s t r a te d  m o r p h o lo g ic a l ly  by C la r k  (1973) and fu n c t io n a l ly  by 
D a rd e n n e  e t a l  (1974).  A d m in i s t r a t i o n  of a r a b b i t  a n t i s e r u m  
sp e c if ic  f o r  m o u s e  th y m ic  e p i th e l i a l  c e l l s  r e s u l t e d  in  sp ec if ic
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c h a n g e s  in  th e  u l t r a  s t r u c t u r e  of th e s e  c e l l s ,  and a  d e c r e a s e  in  
s e r u m  th y m ic  f a c t o r s  ( G a r a c i  e t  a l ,  197 8). I t  h a s  b e e n  g e n e r a l ly  
a s s u m e d  th a t  th e  c e l l s  c u l tu r e d  a s  m o n o l a y e r s  f r o m  th y m ic  
e x p la n ts  a r e  e p i th e l i a l  in  n a t u r e .  T h ey  h a v e  b e e n  d e s c r ib e d  a s  
l a r g e  p o ly g o n a l c e l l s  w ith  l a r g e  n u c le i  c o n ta in in g  d i s p e r s e d  
c h r o m a t in  and  d e n s e  n u c le o l i .  T h e i r  v a c u o la te d  c y to p la s m  is  
s ta in e d  by  th e  p e r io d i c  a c id -S c h i f f  r e a c t io n  (PAS) and c o n ta in s  
r e f r a c t i l e  g r a n u l e s .  A ro u g h  e n d o p la sm ic  r e t i c u l u m  and w e ll  
d ev e lo p ed  go lg i a p p a r a tu s  a r e  a p p a r e n t  in  e l e c t r o n  m i c r o g r a p h s  
of c u l tu r e d  c e l l s .  T h e r e  a r e  so m e  r e p o r t s  th a t  th e s e  c e l l s  a r e  
jo in e d  a t  t h e i r  p r o c e s s e s  by  in te r c o n n e c t in g  d e m o s o m e s  (W e k e r le  
et a l ,  1973; W a k s a l  e t  a l ,  1975 and  P a p ie r n i k  e t a l ,  1975).
M o s i e r  an d  P i e r c e  (1972) c u l tu r e d  m o u s e  th y m o c y te s  on  
m o n o l a y e r s  of s u p p o r t in g  c e l l s  d e r iv e d  f r o m  th y m u s  o r  f r o m  
sp len ic  a d h e r e n t  c e l l s .  F o l lo w in g  c o - c u l t u r e  w ith  th y m u s  
e p i th e l iu m ,  m i to g e n  r e s p o n s i v e n e s s ,  M LC r e a c t i v i t y  and h e l p e r  
fu n c tio n  i n c r e a s e d  m a r k e d ly .  T h y m o c y te s  in c u b a te d  w ith  sp le n ic  
a d h e r e n t  c e l l s  w e r e  m o r e  p r o l i f e r a t i v e  in bo th  s t im u la t e d  and 
un s t im u la t e d  c u l t u r e s ,  b u t  on ly  e x p r e s s e d  an  i n t e r m e d i a t e  l e v e l  of 
h e lp e r  a c t iv i t y .  T h e r e  d o e s  no t a p p e a r  to  b e  a s p e c ie s  b a r r i e r  
in  th e  p o te n t ia l  fo r  th y m ic  e p i th e l iu m  to  in d u c e  d i f f e r e n t ia t io n  in 
x e n o g e n e ic  p r e - T  c e l l s .  W e k e r le  et a l  (1973) found  th a t  s p le e n  
c e l l s  f r o m  th y m u s -d e p r iv e d  m ic e  had  i n c r e a s e d  C on  A and  GVH 
r e a c t iv i t y  a f t e r  c o - c u l t u r e  w ith  r a t  th y m u s  e p i th e l iu m .  W a k s a l  
e t a l  (1975) r e p o r t e d  s i m i l a r  o b s e r v a t i o n s ,  r a t  e p i th e l iu m  b e in g  
a s  e f fe c t iv e  a s  th a t  f r o m  m o u s e .  P a p i e r n i k  e t a l (1975) r e p o r t e d  
th a t  on  c o - c u l t u r e  w ith  h u m a n  th y m ic  e p i th e l iu m ,  R F C  f r o m  A T x
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m ic e  b e c o m e  s e n s i t i v e  to in h ib i t io n  by a n t i - T h y .  1 s e r u m .  T h e  
e f fe c ts  cou ld  s t i l l  be  o b ta in ed  w hen  t a r g e t  c e l l s  w e r e  e n c lo se d  in  
m i l l i p o r e  c h a m b e r s .  W i l l i s - C a r r  e t  a l  (1978) r e p o r t e d  an  
i n c r e a s e  in  th e  n u m b e r  of E - r o s e t t e  fo rm in g  c e l l s  am o n g  th e  bone  
m a r r o w  ly m p h o id  c e l l s  of h u m a n s  a f t e r  e x p o s u r e  to  m o n o l a y e r s  
o r  s u p e r n a ta n t s  f r o m  h u m a n  and m o n k e y  th y m u s .  L o n g e r  
e x p o s u r e s  to  w a s h e d  m o n o l a y e r s  w e r e  n e e d e d ,  su g g e s t in g  th a t  
in d u c t io n  w a s  c a u s e d  by  so m e  f a c t o r  r e l e a s e d  in to  th e  s u p e r n a ta n t .  
M o n o la y e r s  w e r e  m o r e  e f fe c t iv e  in  indu c in g  d i f f e r e n t i a t io n  in  
ly m p h o c y te s  f r o m  p a t i e n t s  w ith  im m u n o d e f ic ie n c y  d i s e a s e s  th a n  
s u p e r n a t a n t s ,  s u g g e s t in g  th e  n e c e s s i t y  f o r  c e l l u l a r  c o n ta c t  a s  a  
p r i m a r y  d i f f e r e n t ia t io n  e v e n t ,  S a to  et a l  (1976) i s o la te d  a p r e - T  
c e l l ,  b e a r i n g  a  c e l l  s u r f a c e  b r a i n  a s s o c i a t e d  T a n t ig e n  (B A T ).
T h e s e  BAT p o s i t i v e  c e l l s  co u ld  b e  in d u ced  to  b o th  C o n c a n a v a l in  A 
(Con A) and  M LC r e a c t iv i t y  a f t e r  c u l tu r e  on th y m u s  e p i th e l i a l  c e l l s .
Som e i n v e s t i g a t o r s  h av e  d e m o n s t r a t e d  fu n c t io n a l  m a tu r a t i o n  of 
p r e - T  c e l l s  by t r e a t m e n t  w ith  s u p e r n a ta n t s  f r o m  m o n o l a y e r s  a lo n e .  
K r u i s b e e k  e t  a l  (1977 and  1978) show ed th a t  s u p e r n a ta n t s  f r o m  r a t  
th y m ic  e p i th e l i a l  c u l t u r e s  (TES) in c r e a s e d  m i to g e n  in d u c ed  
p r o l i f e r a t i o n  of c o r t i s o n e  s e n s i t i v e  r a t  th y m o c y te s .  In  th e  p r e s e n c e  
of T E S ,  nude  m o u s e  sp le e n  c e l l s  show ed en h a n c e d  in  v i t r o  an t ib o d y  
p ro d u c t io n  to  S R B C , O o s t e r o m  et a l  (1979) d e m o n s t r a t e d  th a t  
cond itioned  m e d ia  f r o m  h u m a n  th y m u s  e p i th e l i a l  c u l t u r e s  en h a n c e d  
m i to g e n  s t im u la t io n  of th y m o c y te s  and  s p le e n  c e l l s .
T h e  p o s s i b i l i t y  th a t  t r a f f i c  th ro u g h  th e  th y m u s  i s  n e c e s s a r y  to  
e n a b le  h u m o r a l  f a c t o r s  e l a b o r a te d  by  th e  th y m u s  to a c t  a t  s h o r t  
r a n g e  i s  s u p p o r te d  by th e  f in d in g s  of B u r l e s o n  and L e v e y  (1971).
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T h e y  e x c i s e d  the  th y m u s  and  a o r t i c  a r c h  of r a t s  and  m i c e  and  
s e t  up th e  w h o le  o r g a n  in  c u l t u r e ,  w ith  c a n n u la t io n  of the  d e s c e n d in g  
a o r t a .  T h i s  s y s t e m  a l lo w ed  p e r f u s io n  of the th y m u s  th ro u g h  i t s  
in t a c t  a r t e r i a l  su p p ly .  S p le e n  c e l l s  f r o m  N T x  m ic e  and  bone  
m a r r o w  s te m  c e l l s  s e p a r a t e d  on g r a d ie n t s  w e r e  p e r f u s e d  in  v i t r o  
th ro u g h  th e  th y m u s .  T h e  r e c o v e r e d  c e l l s  e x h ib i te d  so m e  GVH 
a c t iv i ty  in  th e  S im o n  se n  a s s a y .
M o rp h o lo g ic a l  c h a r a c t e r i s a t i o n  of the  th y m ic  m o n o l a y e r s  a s  
e p i th e l i a l  in  th e s e  s tu d ie s  w e r e  g e n e r a l ly  p r e s u m p t i v e .  E x te n d e d  
c u l tu r e  of th y m u s  in  v i t r o  h a s  p ro m o te d  g ro w th  of m a s t  c e l l s  and  
s t r i a t e d  m u s c l e  (C s a b a  e t  a l ,  I960 ; and W e k e r le  e t  a l ,  1975). 
M a c r o p h a g e s  a r e  a  d i s t i n c t  c e l l  ty p e  of th e  n o r m a l  th y m u s ;  h o w e v e r  
r e c e n t  e v id e n c e  i n d i c a te s  th a t  th e  p r e d o m in a n t  c e l l s  in  th y m ic  
m o n o l a y e r s  a r e  in  fa c t  m a c r o p h a g e s .  T h e i r  r a d io  s e n s i t i v i ty  
c h a r a c t e r i s t i c s  a r e  m o r e  ty p ic a l  of m a c r o p h a g e s  th a n  e p i th e l iu m .
By h i s to c h e m i c a l  s ta in in g ,  t h e i r  c y to p la s m  h a s  b e e n  shown to 
p o s s e s s  n o n - s p e c i f i c  e s t e r a s e s  and th ey  a r e  a c t iv e ly  p h a g o c y t ic  
(W atk in s  and S h a rp ,  197 8; J o r d a n  and  C r o u s e ,  1979a; and J o r d a n  
e t a l ,  1979a), I t  i s  i n t e r e s t i n g  in  th i s  l ig h t  to c o n s id e r  th e  e a r l i e r  
f in d in g s  of V an  d en  T w e e l  and W a lk e r  (1977), th e s e  i n v e s t i g a t o r s  
r e p o r t e d  i n c r e a s e d  m i to g e n ic  r e s p o n s e s  in  th y m ic  ly m p h o c y te s  
a f t e r  c o - c u l t u r e  w ith  m a c r o p h a g e s  f r o m  g u in e a  p ig  p e r i t o n e a l  
e x u d a te s .  B e l l e r  and U nanue  (1978) c o - c u l tu r e d  th y m o c y te s  w ith  
g r a d ie n t  p u r i f i e d  th y m ic  m a c r o p h a g e s  and d e te c te d  i n c r e a s e d  
e x p r e s s io n  of H . 2 a n t ig e n s ,  d e c r e a s e  in  T L  and a c q u i r e d  a b i l i ty  
to  r e s p o n d  in  th e  M L C . F u r t h e r m o r e ,  a f a c t o r  f r o m  m a c r o p h a g e  
c u l tu r e  m e d ia  e x h ib i te d  som e d i f f e r e n t ia t io n  in d u c in g  a c t iv i ty .
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It  m ig h t  be c o n te n d e d  th a t  th e  th y m u s  c u l tu r e d  a s  m o n o la y e r s  
m ig h t  not p ro v id e  th e  n e c e s s a r y  m ic r o e n v i r o n m e n t  f o r  d i f f e r e n t ia t io n ,  
a s  i t  l a c k s  th e  a r c h i t e c t u r e  of the  in t a c t  o r g a n .  A te n a b le  m e a n s  
of o v e rc o m in g  th e s e  l i m i t a t i o n s  i s  m a d e  p o s s i b l e  by  th e  c u l tu r e  of 
th y m ic  e x p la n ts  in  o r g a n  c u l t u r e .  T h e  e m b ry o n ic  m o u s e  th y m u s  
b e tw e e n  14 and  16 d a y s  of g e s ta t io n  p r o v id e s  a  u s e f u l  s y s t e m  to  
in v e s t ig a te  th y m ic  ly m p h o p o ie s i s .  T h e  s iz e  of th e  o r g a n  m a k e s  i t  
su i ta b le  f o r  o rg a n  c u l tu r e ,  and th e  s y s t e m  c a n  be  s tu d ie d  in  i s o la t io n  
w ith o u t th e  c o m p l ic a t io n  of c e l l u l a r  m i g r a t i o n  to  and  f r o m  th e  o r g a n .  
I t  i s  p r e f e r a b l e  a s  a s o u r c e  of th y m ic  e p i th e l iu m  a s  i t  c o n ta in s  
f e w e r  ly m p h o id  c e l l s  w h ich  a r e  y e t  u n d i f f e r e n t i a t e d ; a t  14 d a y s ,  
the fo e ta l  th y m u s  c o n ta in s  l a r g e ,  b a s o p h i l ic  c e l l s .
T h e  o r g a n  c u l tu r e  s y s t e m  h a s  b e e n  u t i l i s e d  by  s e v e r a l  
i n v e s t i g a t o r s .  If the  e a r l y  e m b ry o n ic  o rg a n  i s  ex p lan ted  and 
c u l tu r e d ,  d i f f e r e n t i a t io n  p r o c e e d s  and  ly m p h o id  c e l l s  b e a r in g  
the  T L  a n t ig e n  (M an d e l and K e n n e d y ,  1978) and  m i to g e n  and  M LC 
r e a c t iv e  c e l l s  a r e  g e n e r a te d  (R o b in so n  and  O w en, 1976 and 1977).
If g r a f te d  b a c k  in to  a  sy n g e n e ic  h o s t  a f t e r  a  p e r io d  of c u l tu r e ,  the  
o r g a n s  a r e  s t i l l  a b le  to be r e p o p u la te d  by h o s t  b lo o d -b o rn e  s te m  
c e l l s  (M andel and  R u s s e l l ,  1971). U sin g  a  s i m i l a r  s y s t e m ,  
r e s p o n s iv e n e s s  to C on  A , le u k o a g g lu t in in  (LA), M LC a c t iv i ty  and 
c y to to x ic i ty  to  t a r g e t  c e l l s  w a s  a c q u i r e d  in  v i t r o  (T u fv e s o n  e t a l ,
197 6 and  J u h l in  e t a l ,  1977).
E x p e r i m e n t a l  t r a n s p l a n t a t i o n  of th y ro id  t i s s u e  a c r o s s  the  
h i s to c o m p a ta b i l i ty  b a r r i e r  w ithou t r e j e c t i o n  a p p e a r s  to  be  p o s s i b l e ,  
if  th e  t i s s u e  i s  c u l tu r e d  in  oxygen  b e fo re h a n d .  T h e  l o s s  of 
a n t ig e n ic i ty  w a s  though t to be  due to s e l e c t iv e  l o s s  of p a s s e n g e r
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le u c o c y te s ,  w h ich  w e r e  c o n s id e r e d  e s s e n t i a l  a s  a n  a l lo g e n e ic  
s t im u lu s  f o r  s e n s i t i s a t i o n  of th e  r e c i p i e n t ' s  ly m p h o c y te s .  
F u r t h e r m o r e ,  p a s s e n g e r  le u k o c y te s  in  th e s e  c u l tu r e d  a l l o g r a f t s  
w e r e  found to  b e  p a r t i c u l a r l y  s u s c e p t ib le  to  k i l l in g  by h y p e r b a r i c  
oxygen  ( L a f f e r ty  e t  a l ,  197 5; T a lm a  g e et a l ,  1976; and T a im  ag e  
and D a r t ,  19.7 8). T h e  te c h n iq u e  h a s  b e e n  a p p l ie d  to  th y m ic  
t i s s u e  b e f o r e  t r a n s p l a n t a t i o n ,  to  a l lo g e n e ic  and x e n o g e n e ic  h o s t s  
a s  w e ll  a s  n ude  m i c e ,  a f t e r  o r g a n  c u l t u r e .  T h e  g r a f t s  w e r e  shown 
to  b e  r e p o p u la te d  by  h o s t  c e l l s  w ithou t r e j e c t i o n  (S c h u l t e - W is s e r m a n n  
e t  a l ,  197 8 and  H ong e t a l ,  1979). T h e r e  h a v e  b e e n  o th e r  r e p o r t s  in  
the  l i t e r a t u r e  of m e th o d s  of d e p le t in g  p a s s e n g e r  l e u c o c y te s  o r  
in a c t iv a t in g  t h e i r  e f fec t  on h o s t  s e n s i t i s a t i o n  in  o r g a n  g r a f t s ,  p r i o r  
to  t r a n s p l a n t a t i o n .  O p e lz  and  T e r a s a k i  (1974) s u p p r e s s e d  the  
s t im u la t o r y  a c t iv i t y  in  th e  M LC of ly m p h o c y te s  m a in ta in e d  a t  2 2 °C .  
B a s e d  on  th i s  f in d in g ,  L a c y  et a l  (1979) r e p o r t e d  th a t  s u r v iv a l  of 
i s o la te d  r a t  p a n c r e a t i c  i s l e t s  in a n  a l lo g e n e ic  r e c i p i e n t  w a s  
p ro lo n g e d  a f t e r  a  p e r io d  of c u l tu r e  a t  24°G . J o r d a n  and C r o u s e  
( 1979b)found th a t  14 day  m o u s e  fo e ta l  th y m u s  c u l tu r e d  a t  24^C f o r  
7 d a y s  l o s t  i t s  ly m p h o id  c e l l s ,  w h ile  g ro w th  of th e  e p i th e l i a l  
co m p o n e n t  w a s  m a in ta in e d .  T h e  t i s s u e  h a s  b e e n  show n to  be  
fu n c t io n a l ly  v ia b le  by s u b se q u e n t  t r a n s p l a n t a t i o n  u n d e r  th e  r e n a l  
c a p s u le s  of sy n g e n e ic  m i c e ,  w h e r e  i t  i s  r e p o p u la te d  by ly m p h o id  
c e l l s  of h o s t  o r ig in .
6. T H E  T -P R E C U R S O R  C E L L S
T h e  im m u n o c o m p e te n t ,  p e r i p h e r a l  T c e l l s  a r e  though t to be 
c o m p r i s e d  of s e v e r a l  s u b s e t s ,  e a c h  w ith  one o r  m o r e  s p ec if ic
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im m u n e . fu n c t io n  (R ev iew e d  by  C a n to r  and  B o y s e ,  1977). S im i l a r l y  
th e  th y m o c y te s  th e m s e lv e s  a r e  c o n s id e r e d  to  be a  h e t e r o g e n o u s  
p o p u la t io n  w ith  r e g a r d  to  t h e i r  p h y s ic a l  p r o p e r t i e s ,  s u r f a c e  
an t ig e n ic  d e t e r m i n a n t s  and m u l t ip le  in t r a th y m ic  d i f f e r e n t ia t iv e  
p a th w a y s  (H u b e r  e t  a l ,  1976) and  re v ie w e d  by D ro e g e  and Z u c k e r  
(1975) and C a n t o r  and W e i s s m a n  (1976). In  th e  l i t e r a t u r e ,  the  
t e r m s  s t e m  c e l l s ,  p r o - t h y m o c y t e s ,  p r e - T  c e l l s  and  T p r e c u r s o r  
c e l l s  a r e  o f ten  in t e r c h a n g e a b ly  u s e d  to  d e f in e  a  p o p u la t io n  of 
c e l l s  c a p a b le  o f  f u r t h e r  d i f f e r e n t i a t io n  u n d e r  th y m ic  in f lu e n c e .
T h e r e  i s  e v id e n c e  th a t  th i s  p o p u la t io n  i t s e l f  m a y  be  a s  h e t e r o g e n o u s  
a s  the  p r o d u c t s  of i t s  d i f f e r e n t i a t io n  p r o c e s s .  T h e  s u b je c t  i s  
f u r t h e r  c o m p l ic a te d  b y  th e  m u l t ip le  t i s s u e  lo c a t io n s  of th e s e  c e l l s ;  
th e  bone m a r r o w  and sp le e n s  o f ten  b e ing  u se d  a s  a s o u r c e  of th e s e  
c e l l s  f o r  e x p e r i m e n t a l  s tu d i e s .  T he  b one  m a r r o w  i s  v e r y  
h e t e r o g e n o u s  in  i t s  c o m p o s i t io n ,  w ith  fu n c t io n a l  c o m p a r tm e n ta t i o n  
of i t s  c e l l  p o p u la t io n s .  I t  i s  a  p r i m a r y  s i te  of ly m p h o p o ie s is  a s  
w e ll  a s  a t r a n s i e n t  lo c a t io n  of r e c i r c u l a t i n g  m a t u r e  c e l l s .  T h e  
bone m a r r o w  ly m p h o c y te s  and  t r a n s i t i o n a l  c e l l s  h a v e  b e e n  r e v ie w e d  
by R o s s e  (1976). T h e  s m a l l  ly m p h o c y te s  of the  m a r r o w  a r e  
g e n e r a te d  ^  novo f r o m  t r a n s i t i o n a l  c e l l s  by a c o m p a r a t i v e ly  s h o r t  
p r o d u c t io n  p a th w a y  of 2 -3  m i t o s e s ,  w h e r e a s  8 -9  m i t o s e s  a r e  n e e d e d  
in the  m a t u r a t i o n  of th y m u s  c e l l s  (Yoffey e t a l ,  197 8). B y  the  u s e  
of a u to ra d io g r a p h y  and  im m u n o f lu o  r e  s c e n t  s ta in in g  of B and T c e l l s ,  
R o s s e  and P r e s s  (1978) d e m o n s t r a t e d  th a t  th e  m a j o r i t y  of m a r r o w  
ly m p h o c y te s  a r e  r a p id ly  r e n e w e d  B c e l l s  and n u l l  c e l l s  in  gu in ea  
p ig s  and m i c e .  T he  r a t e  of B c e l l  tu r n o v e r  in  m a r r o w  e x c e e d s
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th a t  in  s p le e n  and  ly m p h  n o d e s ,  th e  B c e l l s  in  th e s e  two 
s e c o n d a r y  o r g a n s  be ing  r e p la c e d  c o n t in u o u s ly  by  ly m p h y o c y te s  
d e r iv e d  f r o m  th e  m a r r o w ,  O sm o n d  and N os s a i l  (1974a and  b) 
r e p o r t e d  th a t  m a n y  of the  s m a l l  ly m p h o c y te s  of the  m u r i n e  bone 
m a r r o w  h a v e  r e a d i ly  d e t e c ta b le  s u r f a c e  im m u n o g lo b u l in  (Ig) 
m o l e c u le s ,  w h ile  th o s e  w ith o u t w e r e  n e i th e r  T h y  1 p o s i t i v e ,  
th y m u s  d e p e n d e n t  o r  r e c i r c u l a t i n g  c e l l s .  T h e  Ig  b e a r in g  c e l l s  
w e r e  p r e d o m in a n t ly  s m a l l ,  n o n -d iv id in g  ly m p h o c y te s .  In  a d d i t io n  
to  s u r f a c e  Ig ,  m a r r o w  ly m p h o c y te s  h a v e  b e e n  show n to  h a v e  F c  
and c o m p le m e n t  r e c e p t o r s  (Y ang and  O sm o n d ,  1979).
T h e  p r e s e n c e  of im m u n o c o m p e te n t  th y m u s  d e r iv e d  c e l l s  in 
the  m a r r o w ,  c a p a b le  of c a u s in g  a  GVHR h a s  b e e n  d e m o n s t r a t e d .  
T h e s e  c e l l s  cou ld  be  i s o la t e d  by c e n t r i f u g a t io n  on  d is c o n t in u o u s  
BSA g r a d ie n t s  f r o m  th e  sp le e n  co lo n y  fo r m in g  u n i t  (C FU -S) s t e m  
c e l l s  ( B u r le s o n  and  L e v e y ,  1972 and D ick e  e t  a l ,  1968), V e lo c i ty  
s e d im e n ta t io n  of b o n e  m a r r o w  show ed th a t  th e  GVH r e a c t iv e  c e l l s  
had  a s e d im e n ta t io n  v e lo c i ty  of 3 m m / h r .  a t  4°C an d  u n i t  g r a v i ty ;  
w h e r e a s  the  C F U -S  s e d im e n te d  a t  4 m m / h r .  ( P h i l l ip s  and  M i l l e r ,  
1970). O sm o n d  and Y o sh id a  (1970) in c u b a te d  e n r i c h e d  bone  m a r r o w  
ly m p h o id  c e l l s  w ith  P H A , p o k ew eed  m i to g e n  (PW M ), k e y h o le  
l im p e t  h a e m o c y a n in  (K LH ), SRBC and  a l lo g e n e ic  ly m p h o id  c e l l s  
in  v i t r o  o r  w i th in  c h a m b e r s  i n t r a p e r i t o n e a l l y .  T h e y  o b s e rv e d  
b la s to g é n ie  t r a n s f o r m a t i o n  and  p r o l i f e r a t i o n  of th e s e  c e l l s  by 3-4  
d a y s .
W h ile  th e  a b o v e  T -d e p e n d e n t  fu n c t io n s  c a n  be  a t t r ib u t e d  to  
r e c i r c u l a t i n g  th y m u s  d e r iv e d  c e l l s  in  th e  bone m a r r o w ,  t h e r e  i s  
ev id e n c e  th a t  m a r r o w  ly m p h o c y te s  b e h a v e  a ty p ic a l ly  in  th i s  r e g a r d .
%
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B lo m g r e n  and  S v e d m y r  (1971) r e p o r t e d  th e  th y m ic  in d e p e n d e n c e  
of PH A  r e a c t i v e  c e l l s  in  th e  r e g e n e r a t in g  m a r r o w  of le th a l ly  
i r r a d i a t e d ,  bone  m a r r o w  p r o t e c t e d  m i c e ,  PH A  r e s p o n s e  f i r s t  
a p p e a r e d  in  the  c e l l s  of the  bone  m a r r o w  and l a t e r  in  the  o th e r  
ly m p h o id  o r g a n s .  T h e  r e a c t i v i t y  of th e s e  m a r r o w  c e l l s  w as  n o t  
s e n s i t iv e  to  t r e a t m e n t  w ith  a n t i - T h y  1 4- C \  R op k e  (1977a) 
r e p o r t e d  i n c r e a s e d  n u m b e r s  of T h y  1 b e a r i n g  c e l l s  in  the  m a r r o w  
of N T x  m ic e  o r  n u d e  m ic e  in  c o n t r a s t  w ith  n o r m a l  a n i m a l s .  C o h en  
and P a t t e r s o n  (1975) found th a t  C on  A in d u ced  s m a l l  ly m p h o c y te s  
in  the  m a r r o w  in to  ly m p h o b la s t s  e x p r e s s in g  T h y  1 and T L  antigens.,  
w h e r e a s  s p le e n  c e l l s  on ly  e x p r e s s e d  T h y  1 and  not T L .  T h y m o sin ,  
c .A M P  and  d ib u ty ry l  c .A M P  w e r e  a l s o  e f fe c t iv e  in  th i s  in d u c t io n ,  
th e  t a r g e t  c e l l  w as  th ough t to  be  a p r e - t h y m i c  c e l l .  C o h en  and 
F a i r c h i l d  (1976) d e m o n s t r a t e d  th e s e  p r e - T  c e l l s  of th e  m a r  r o w  r e  
s y n e r g i s t i c  w ith  m a t u r e  c e l l s  and c o r t i s o n e  r e s i s t a n t  th y m o c y te s  
to e n h a n c e  th e  l a t t e r ' s  r e s p o n s e  to  C on  A . N ude s p le e n  c e l l s  w e r e  
a l s o  show n to be  e f fe c t iv e  in  th i s  s y n e rg y .  B a s c h  e t  a l  (1978) h ave  
c h a r a c t e r i s e d  the  c e l l s  c o m m it te d  to th y m o c y te  d i f f e r e n t i a t io n  a s  
a p o p u la t io n  b e a r i n g  s u r f a c e  a n t ig e n s  c o m m o n  w ith  m o u s e  b r a in  
t i s s u e .  T h e y  a r e  found am o n g  th e  nu ll  c e l l  p o p u la t io n  of s p le e n  
and  bone m a r r o w  and c o n ta in  an  u n u s u a l  e n z y m e ,  t e r m i n a l  
d e o x y r ib o n u c le o t id y l  t r a n s f e r a s e  (Tdt) in  the  m a r r o w  b u t no t s p le e n .
E l - A r i n i  and  O so b a  (1973) i s o la te d  the  p r e - T  c e l l s  in  th e  
m a r r o w  f r o m  m a t u r e  T c e l l s  and C F U -S  by  b u o y a n t  d e n s i ty  
c e n t r i f u g a t io n .  T he  m a t u r e ,  th y m u s  d e r iv e d ,  T h y  1 p o s i t iv e  
ly m p h o c y te s  w h ich  w e r e  r e a c t iv e  in  the GVHR an d  M LC banded
3a t a  d e n s i ty  of 1 .0 6 9  g / c m  . C e l l s  f ro m  the  l i g h t e r  d e n s i ty
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3re g io n  1 , 0 5 0 - 1 .0 5 9  g / c m  g e n e r a te d  im m u n o c o m p e te n t  c e l l s  
on r e p o p u la t io n  of the  s p le e n s  of i r r a d i a t e d  i s o g e n e ic  r e c i p i e n t s ,  
th i s  f r a c t io n  w a s  th o u g h t  to  c o n ta in  the C F U -S  s t e m  c e l l s .  T h e
3p r e - T  c e l l s  h av e  an  i n t e r m e d i a t e  m o d a l  d e n s i ty  of 1 .064  g / c m  .
In  a s e r i e s  of e x p e r i m e n t s  on th e  k in e t i c s  and c h a r a c t e r i s a t i o n  
of PHA r e a c t i v e  c e l l s  of th e  bone m a r r o w ,  P r e s s  and  R o s s e  (1977a ,  
b and  197 8) and  P r e s s  e t  a l  (1977) d e m o n s t r a te d  th a t  m a r r o w  
ly m p h o c y te s  p u r i f i e d  on s u c r o s e  d e n s i ty  g r a d ie n t s  cou ld  be in d u c e d  
to  re s p o n d  to  PH A  a f t e r  p r o lo n g e d  in c u b a t io n  w ith  h igh  d o s e s  of 
th e  m i to g e n .  L y m p h o c y te s  f r o m  nude  m o u s e  m a r r o w  w e r e  
i d e n t ic a l  in  t h e i r  r e s p o n s e  to th o s e  f ro m  n o r m a l  m i c e .  T h e  
r e s p o n d in g  c e l l s  w e r e  c h a r a c t e r i s e d  a s  p r e c u r s o r s  of T c e l l s ,  
i n d i r e c t l y  by  u s e  of s p e c i f ic  a n t i s e r a ;  t h e i r  r e a c t i v i t y  w a s  no t 
a f fe c te d  by  p r e - t r e a t m e n t  w ith  a n t i - T h y  1, a n t i - t h y m o c y t e , a n t i ­
b r a in ,  a n t i - Ig M  o r  a n t i - m o u s e  g a m m a  g lobu lin  s e r a .  F u r t h e r m o r e , 
d u r in g  th e  b la s to g é n ie  r e s p o n s e ,  the  "n u l l"  c e l l s  a c q u i r e d  T c e l l  
s u r f a c e  a n t ig e n s ,  d e m o n s t r a t e d  by  f l u o r e s c e n t  a n t i - b r a i n  s e r a ,  th e
e f fe c t  w a s  r e p r o d u c i b l e  e v e n  a f t e r  p r e - t r e a t m e n t  w ith  a n t i - b r a i n  + C ’ .
3By p r e v io u s l y  in je c t in g  th e  a n i m a l s  w ith  H T d R , i t  w as  p o s s ib le  to 
s e le c t iv e ly  l a b e l  th e  c e l l s  w ith  s low  and r a p id  t u r n o v e r  r a t e s .  
A u to ra d io g ra p h ic  a n a ly s i s  of PH A  s t im u la te d  c e l l s  id e n t i f ie d  the  
b la s to g é n ie  c e l l s  of th e  m a r r o w  a s  d e r iv e d  f r o m  the  r a p id ly  
re n e w e d  p o p u la t io n .
G o re y n s k i  and M a c R a e  (1977a) u se d  T h y  1 d e p le te d  m a r r o w  
and s p le e n  c e l l s  to  r e c o n s t i t u t e  th e  im m u n e  fu n c t io n s  in  T x  and 
in ta c t  l e th a l ly  i r r a d i a t e d  s y n g en e ic  r e c i p i e n t s .  T h e y  o b ta in ed  
ev id e n c e  f o r  b o th  a p r e - t h y m i c  and  p o s t - th y m ic  p r e c u r s o r  
p o p u la t io n  in  bo th  o r g a n s .  T h e  p o s t - th y m ic  c e l l s  r e c o n s t i tu te d
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l im i t e d  T c e l l  fu n c t io n s  e a r l y  in  T x  a n im a ls ;  th e  p r e - t h y m i c
S-p r e c u r s o r s  g e n e r a te d  f i r s t  a T s u p p r e s s o r  (T ) and l a t e r  a
h e l p e r  (T ^ )  p o p u la t io n  f o r  c e l l  m e d ia te d  ly m p h o ly s i s  (CML.) in
th e  in ta c t  a n i m a l .  A l l  t h e s e  fu n c t io n s  w e r e  f i r s t  s e e n  in  l a r g e
c e l l s  w h ich  r e v e r t e d  to  s m a l l  c e l l s .  In  a  s e p a r a t e  s tudy ,  th e s e
a u t h o r s  d e m o n s t r a t e d  th a t  p o s t - th y m ic  p r e c u r s o r s  w e r e  ab le  to
d ev e lo p  in to  m i to g e n  r e a c t i v e  c e l l s  in  c u l tu r e ,  a  p r o p o r t i o n  of
th e s e  gave r i s e  to  M LC and C M L  r e a c t iv e  c e l l s .  A s i m i l a r  poo l
of p r e c u r s o r s ,  b u t  w h ich  w e r e  T h y  1 n e g a t iv e  g e n e r a te d  c e l l s  w ith
gh e l p e r  fu n c t io n  f o r  an t ib o d y  r e s p o n s e s .  T c e l l s  w e r e  a l s o
g e n e r a te d  a f t e r  4 d a y s  in  c u l tu r e  f r o m  l a r g e r  c e l l s  w h ich  w e re
l a r g e l y  T h y  1 n e g a t iv e .  By v e lo c i ty  s e d im e n ta t io n  of T - d e p le te d
m a r r o w  and s p le e n  c e l l s ,  f r a c t i o n s  w h ich  cou ld  g e n e r a te  p r e c u r s o r s
of cy to to x ic  ly m p h o c y te s  (G T L ),  of C on  A re s p o n d in g  c e l l s  and
th o se  w ith  h e l p e r  fu n c t io n  f o r  C M L  could  be i s o l a t e d .  A ll  th e s e
su b p o p u la t io n s  w e r e  though t to  be  d e r iv e d  f r o m  a  p o s t - th y m ic
gp r e c u r s o r  p o o l ,  w h e r e a s  T c e l l s  w e r e  f r o m  p r e - t h y m i c  p r e c u r s o r s  
(G o rc z y n s k i  and  M a c R a e ,  1977b). In  a  f u r t h e r  s tudy , t h e s e  a u th o r s  
i n v e s t ig a te d  the  a b i l i t y  of p r e  and p o s t - th y m ic  p r e c u r s o r s  to  
d i f f e r e n t i a t e  on f e e d e r  l a y e r s  d e r iv e d  f ro m  th y m u s  and w ith  
s u p e r n a ta n t s  of t h e s e .  T h e  s low  se  d im  en t in g ,  s m a l l  p o s t - th y m ic  
p r e c u r s o r s  d i f f e r e n t i a t e d  a s  e f f e c t iv e ly  u n d e r  b o th  s t im u l i .  T h e  
r a p id ly  s e d im e n t in g ,  l a r g e  p r e - t h y m i c  p r e c u r s o r s  n e e d e d  p ro lo n g e d  
C O -cu ltu re  w ith  f e e d e r  c e l l s  to  in d u c e  p r e c u r s o r s  of C T L ,  h e l p e r  
c e l l s  f o r  C M L  and m i to g e n  r e s p o n s iv e  c e l l s .  H o w e v e r ,  a f t e r  5 
d a y s  in  c u l t u r e ,  f u r t h e r  d i f f e r e n t ia t io n  w as  p o s s ib le  w ith  
s u p e r n a ta n ts  a lo n e ,  t h i s  l a t t e r  s te p  b e in g  m e d ia te d  by a  second  
" s o lu b le  s ig n a l"  (G o rc z y n s k i  and M a c R a e ,  1979).
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A lthough  th e r e  i s  m u c h  e v id en ce  f o r  th e  th y m u s  r e p o p u la t in g  c a p a c i ty  
of bone m a r r o w  h a e m o p o ie t ic  c e l l s ,  t h e r e  is  s o m e  doub t w h e th e r  they  
s e r v e  a s  s te m  c e l l s  f o r  a l l  the  d i f f e r e n t ia t e d  blood c e l l s  ie; w h e th e r  
s te m  c e l l s  w ith  r e s t r i c t e d  d i f f e r e n t ia t iv e  c a p a c i ty  e x i s t .  PHA 
t r a n s f o r m e d  b l a s t s  of T c e l l s  in  p a t ie n ts  w ith  c h ro n ic  m y e lo id  
l e u k a e m ia  (CML) do not p o s s e s s  the  P h i la d e lp h ia  c h r o m o s o m e  m a r k e r  
found in  the g r a n u lo c y t ic ,  m e g a k a r y o c y t i c  and e r y th r o i d  l i n e a g e s ,  th u s  
in d ic a t in g  the  p o s s i b i l i t y  of a s e p a r a t e  ly m p h o c y tic  l in e a g e  (W hang e t  a l ,  
1963).
Tw o p h en o ty p ic  v a r i a n t s  w ith  d i f f e r e n t  e l e c t r o p h o r e t i c  m o b i l i t i e s  
of the  en z y m e  g lu c o s e - 6 - p h o s p h a t e  d e h y d ro g e n a s e  (G -6 -P D )  c a n  be 
d e te c te d  and a r e  co d ed  by the  X - c h r o m o s o m e  (F ia lk o w ,  1977). U s in g  
th is  m a r k e r ,  i t  h a s  b e e n  p o s s ib le  to t r a c e  a  c lona l ,  o r ig in  
f o r  a l l  blood c e l l  l i n e a g e s  e x c e p t  f o r  .T c e l l s ,  d u r in g  th e  r e m i s s i o n  p h a s e  
of C M L  (F ia lk o w .e t a l ,  1978). H o w e v e r ,  P r c h a l  e t  a l  (197 8) u s in g  the  
s a m e  m a r k e r  h av e  found a c o m m o n  p r o g e n i t o r  f o r  ly m p h o id  and m y e lo id  
c e l l s  in  a p a t ie n t  w ith  a c q u i r e d  id io p a th ic  s id e r o b l a s t i c  a n a e m ia .
W hen  a bone m a r r o w  in o c u lu m  co n ta in in g  r a d ia t io n - in d u c e d  
c h r o m o s o m e  a b e r r a t i o n s  w a s  g iven  to h a e m o p o ie t ic  c e l l  d e f ic ie n t  W /W ^  
m ic e ,  the  r e p o p u la t io n  and g e n e r a t io n  of fu n c t io n a l  c e l l  l i n e a g e s  cou ld  
be d e t e r m in e d .  T h e  p r e s e n c e  of th e s e  un ique  c h r o m o s o m e  m a r k e r s  
w e r e  looked  f o r  in  bone m a r r o w ,  s p le e n  and th y m u s e s  of such  
re p o p u la te d  m ic e .  A p lu r ip o te n t  s te m  c e l l  w as  d e te c te d  w hich  s h a r e d  
the c h r o m o s o m e  m a r k e r  w ith  m y e lo id ,  B and T c e l l s .  In  ad d i t io n ,  
t h e r e  w as  a l s o  e v id e n c e  fo r  two o th e r  r e s t r i c t e d  s te m  c e l l s  w ith  d i s t i n c t  
c lo n e s  g e n e ra t in g  on ly  m y e lo id  and T c e l l  l i n e a g e s .  F u r t h e r m o r e ,
28(b)
in  a  s u b se q u e n t  t r a n s f e r  of c e l l s  to an  i r r a d i a t e d  s e c o n d a r y  r e c i p i e n t ,
th e  s a m e  t i s s u e  d i s t r i b u t io n  of m a r k e d  c e l l s  w a s  o b ta in e d  ( A b ra m s o n  
et a l ,  1977 ) ,  T h e s e  d a ta  ta k e n  to g e th e r ,  in d ic a te  a  r e s t r i c t e d  
h a e m o p o ie t ic  s t e m  c e l l ,  a t  l e a s t  fo r  the  m y e lo id  and  T c e l l  l i n e a g e s .
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7. K IN ETIC  S O F THYM US C E L L S
T h e  e a r l i e s t  q u a n t i ta t iv e  s tu d ie s  on the  th y m u s  in d ic a te d  th a t  
the  o r g a n  w as  a  s i te  of in t e n s e  m i to t i c  a c t iv i ty ;  K in d re d  (1940) 
o b s e r v e d  th a t  the  c o r t e x  h ad  a  h ig h e r  m i to t i c  index  th a n  the  
m e d u l la .  A n d r e a s e n  and C h r i s t e n s e n  (194 9) c o m p a r e d  the  
m i to t ic  a c t iv i ty  in  th e  ly m p h o id  o r g a n s  of the r a t  by  co u n t in g  th e  
m i to t ic  f i g u r e s  in  s u s p e n s io n s  of i s o la te d  c e l l  n u c l e i .  T h e  
n u m b e r  of m i to t i c  f i g u r e s  in  th e  th y m u s  b e ing  4 - 6  t i m e s  g r e a t e r  
th a n  th a t  of ly m p h  n o d e s  and  s p le e n ,  th e  m i to t i c  a c t iv i ty  w as  
found to  d e c r e a s e  w ith  i n c r e a s i n g  ag e  and  fo llow ing  s t a r v a t io n .  
S a in t - M a r i e  and L e b lo n d  (1958) e s t im a te d  th a t  e a c h  s m a l l  th y m u s  
ly m p h o c y te  w as  th e  p r o d u c t  of a s e r i e s  of 8 c o n s e c u t iv e  r e d u c t iv e  
m i t o s e s  of l a r g e  ly m p h o c y te s ,  t h e i r  p ro g e n y  co n t in u in g  to  d iv id e  
in to  p r o g r e s s i v e l y  s m a l l e r  ly m p h o c y te s .  T h e y  b a s e d  t h e i r  s t e m  
c e l l  r e n e w a l  th e o r y  on  th e  e r r o n e o u s  a s s u m p t io n  th a t  e a c h  r e t i c u l a r  
c e l l  in  the  c o r t e x  gave  r i s e  to  l a r g e  ly m p h o c y te s  a s  w e ll  a s  
m a in ta in in g  the  r e t i c u l a r  c e l l  p o p u la t io n .  N a k a m u r a  and M e tc a lf  
(1961) q u a n t i ta te d  the  m i t o s e s  in  lym pho id  c e l l s  of the  th y m u s  of 
C^H m ic e  f r o m  b i r t h  to the age  of 7 m o n th s .  T h e  m i to t i c  in d e x  
w as  v e r y  h igh  in  the  n e w b o rn ,  and  a f t e r  the  f i r s t  few  w eek s  of l i f e ,  
d e c r e a s e d  p r o g r e s s i v e l y  o v e r  th e  fo llow ing  6 w e e k s .  T h u s ,  
e x p o s u re  to  fo r e ig n  a n t ig e n s  did not s e e m  to s t im u la t e  m i to t ic  
a c t iv i ty .  T h e  d e c r e a s e  in  m i t o s e s  p a r a l l e l e d  th e  a g e - in v o lu t io n  
w eigh t l o s s  of th e  o r g a n ,  and  con tinued  to f a l l  th ro u g h o u t  the  l i fe  
of the a n im a l .  P y k n o t ic  c e l l s  w e r e  s e e n  in  th e  th y m u s  a t  a l l  a g e s ;  
the  n u m b e r  of m i t o s e s  only e x c e e d e d  the n u m b e r  of dying c e l l s
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d u r in g  th e  p e r io d  of th y m u s  g ro w th .  T h i s  f ind ing  r a i s e d  the
p o s s ib i l i ty  th a t  m o s t  c e l l s  p ro d u c e d  in  the  th y m u s  n e v e r  le f t
the  o rg a n ,  bu t d ied  in  s i t u . M o s t  m i to t i c  c e l l s  w e r e  found in
the  c o r t e x ,  th e  m e a n  c e l l  c y c le  t i m e s  f o r  l a r g e  and m e d iu m
ly m p h o c y te s  b e in g  6 ,8  and  8 .2  h o u r s  r e s p e c t i v e l y .  M o s t  s m a l l
ly m p h o c y te s  w e r e  n o n -d iv id in g ,  bu t t h e i r  p o p u la t io n  w a s  r e p la c e d
by the  p ro g e n y  of l a r g e r  p r o l i f e r a t i n g  c e l l s  e v e r y  3 .2  d a y s
(M e tc a lf  and W ia d ro w s k i ,  1966). I t  is  e s t i m a t e d  th a t  a s  m a n y
a s  99% of the  s m a l l  ly m p h o c y te s  p ro d u c e d  in  the  th y m u s  die
lo c a l ly ,  the  s u rv iv in g  c e l l s  w e r e  thought to  m i g r a t e  to  the  p e r i p h e r y .
H o w e v e r ,  M ic h a lk e  e t  a l  (1969) r e p o r t e d  an  e x te n s iv e  m i g r a t i o n  of
ly m p h o c y te s  f r o m  the  th y m u s  of n e w b o rn  m i c e ,  a f r a c t io n
c o r r e s p o n d in g  to  a th i r d  of a l l  ly m p h o id  c e l l s  p r e s e n t  b e ing  lo s t
by th e  th i r d  day  a f t e r  b i r t h .  B e c a u s e  of th e  low pykno tic  in d ex  a t
th i s  ag e ,  the d a ta  in d ic a te d  e m ig r a t i o n  of c e l l s  be ing  th e  m a j o r
c a u s e  of c e l l  l o s s .  In  a  l a t e r  s tudy ,  the  th y m ic  c o r t e x  w a s  lo c a l ly
125la b e l le d  w ith  r a d io a c t iv e  lo d o -d e o x y u r id in e  ( I -U dR ) in  young 
a d u l t  m i c e ,  to  q u a n t i t a t iv e ly  a s s e s s  the  fa te  of c o r t i c a l  th y m o c y te s .  
M o re  th a n  90% of the  i n i t i a l  th y m ic  r a d io a c t iv i ty  w as  l o s t  a f t e r  8 
d a y s ,  on ly  a  few  % of the  to ta l  a c t iv i t y  w as  d e te c te d  in  th e  s p le e n ,  
m e s e n t e r i c  ly m p h  n o d e s  and  f e m u r s .  T h i s  d i s c r e p a n c y  cou ld  be  
e x p la in e d  by the  d e a th  of th e  v a s t  m a jo r i t y  of n ew ly  f o r m e d  
th y m o c y te s  a f t e r  a  s h o r t  l i f e - s p a n ,  on ly  a  s m a l l  f r a c t i o n  of 
th y m ic  m i g r a n t s  b e ing  lo n g e r  l iv ed  (L a i s s u e  e t  a l ,  1976). S im i l a r  
f in d in g s  w e r e  r e p o r t e d  by  J o e l  e t a l  (1977).
A s  p r o l i f e r a t i n g  th y m o c y te s  a r e  no t c o m p le te ly ,  s e l f - s u s t a in i n g ,  
th ey  a r e  d e p e n d e n t  on the  a r r i v a l  of new  b lo o d - b o r n e  p r e c u r s o r
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c e l l s .  T h e  a t ro p h y  of th e  th y m u s  w ith  age  cou ld  be  a c c o u n te d  
fo r  by a r e d u c e d  su p p ly  of s t e m  c e l l s  and a c h a n g e  in  the  g e n e r a l  
h o rm o n a l  b a la n c e  of the  a n im a l  a f t e r  p u b e r ty .  H o w e v e r ,  in  the  
e x p e r im e n t s  of M e tc a l f  (1961), old  m ic e  w e r e  g r a f te d  w ith  
n e o n a ta l  t h y m u s e s ;  th e  g r a f t s '  m i to t i c  in d ic e s  w e r e  h ig h e r  th a n  
th a t  of the  h o s t ' s .  T h y m u s  g r a f t s  g re w  e q u a l ly  w e l l  i n  T x  and  
sh a m  T x  h o s t s .  W hen g ra f te d  w ith  m u l t ip le  g r a f t s ,  e ac h  g r a f t  
g re w  to  th e  s iz e  ty p ic a l  of th e  s t r a i n  and  age  of th e  g ra f te d  th y m u s ,  
r e g a r d l e s s  of th e  age  of the  h o s t .  A s  b o th  g r a f t s  and h o s t  th y m u s e s  
w e r e  r e p o p u la te d  by h o s t  c e l l s  and s h a r e d  the  s a m e  h o r m o n a l  and 
n u t r i t iv e  e n v i ro n m e n t ,  th e  d i f f e r e n c e s  cou ld  on ly  be  a t t r ib u t e d  to 
the fu n c t io n a l  a c t iv i ty  of th e  r e t i c u lu m  an d  s o m e  o th e r  n o n - ly m p h o id  
c e l l s .  T h e  p o s s ib le  r o le  of r e t i c u lu m  c e l l s  in  th e  c o n t ro l  of th y m ic  
ly m p h o p o ie s i s  w as  in d ic a te d  by th e  o b s e r v a t io n s  of M e tc a l f  and 
I s h id a te  (1961), T h e y  found a h ig h e r  n u m b e r  of m i to t i c  ly m p h o c y te s  
in  c o n ta c t  w ith  the  r e t i c u l u m  c e l l s  th a n  in  o th e r  a r e a s  of the  c o r t e x .  
T he  r e t i c u lu m  c e l l s  w e r e  v i s u a l ly  d i f f e r e n t ia t e d  by  t h e i r  r e a c t i o n  
w ith  the  PAS s t a in .  F u r t h e r m o r e ,  the  m i to t ic  c e l l s  in  c o n ta c t  w ith  
th e  PAS p o s i t iv e  c e l l s  w e r e  m o s t l y  in  th e  e a r l y  s ta g e s  of m i t o s e s ;  
it  w as  s p e c u la te d  th a t  th e  r e t i c u lu m  c e l l s  so m eh o w  in i t ia te d  c e l l  
d iv i s io n .  M e tc a l f  (1964) p o s tu la te d  th a t  the  m e d u l l a r y  e p i th e l ia l  
c e l l s  cou ld  h a v e  a r e g u la to r y  fu n c t io n  on th y m ic  ly m p h o p o ie s i s ,  
a s  th e y  w e r e  un iq u e  to  th e  th y m u s ,  t h e i r  a b s e n c e  in  ly m p h  n o d es  
a c c o u n tin g  f o r  th e  d i f f e r e n c e s  in  m i to t i c  a c t iv i ty  in  th e  two t i s s u e s .
It  w a s  s u g g e s te d  th a t  a  s e c r e t o r y  p r o d u c t  of m e d u l l a r y  e p i th e l ia l  
o r ig in  so m eh o w  in i t i a te d  m i t o s i s  in  the c o r t e x .  T h e  a r r a n g e m e n t  
of a r t e r i o l e s  in  the  th y m u s  s u g g e s t  a p o s s ib le  c o u n t e r - c u r r e n t  
m e c h a n i s m ,  w h e re b y  h u m o r a l  s e c r e t io n s  of the  m e d u l la  cou ld  be
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c o n c e n t r a te d  and  m a d e  a v a i la b le  in  the  c o r t e x  ( C la rk ,  1973).
T h e  f in d in g s  of B u llo u g h  and  L a u r e n c e  (I960) of a n  e p i d e r m a l  
m i to t i c  in h ib i to r  h a s  p r o m p te d  m u c h  in v e s t ig a t io n  in to  o th e r  
p o s s ib le  e n d o g en o u s  t i s s u e - s p e c i f i c  m i to t i c  i n h ib i to r s  o r  " c h a lo n e s "  
O ls s o n  and C la e s s o n  (1975) o b ta in e d  a t r a n s i e n t  40% r e d u c t io n  in  
the p r o l i f e r a t i o n  of th y m u s  c e l l s  in  vivo a f t e r  a  s in g le  in j e c t io n  of 
a  w a t e r - s o l u b l e  e x t r a c t  f ro m  m o u s e  th y m u s .  T h e  th y m u s  h a s  b e e n  
im p l ic a te d  in  c e r t a i n  ly m p h o p r o l i f e r a t iv e  d i s e a s e s ;  a ly m p h o c y to s is  
s t im u la t in g  f a c t o r  h a s  b e e n  found in  th e  p l a s m a  d u r in g  su ch  
c o n d i t io n s ,  and i s  th o u g h t to. be d e r iv e d  f r o m  th y m u s  e p i th e l iu m .
I t  i s  found in  h ig h e r  c o n c e n t r a t i o n s  in  th y m u s  of h u m a n s  and m ic e  
w ith  c h ro n ic  ly m p h o c y t ic  le u k a e m ia  (C LL ) and  c a n  be o b ta in ed  
f r o m  m o u s e  th y m u s  in  t i s s u e  c u l t u r e .  W hen  in je c te d  in to  n e o n a ta l  
m i c e ,  i t  c a u s e  a  m a r k e d  ly m p h o c y to s i s  (M e tc a lf ,  1956),
A p a r t  f r o m  th e  in v o lu t io n  th a t  a c c o m p a n ie s  s e n e s e n c e ,  a 
n a t u r a l ly  o c c u r r i n g  t r a n s i e n t  a t ro p h y  of the th y m u s  o c c u r s  d u r in g  
p r e g n a n c y .  T h i s  e f fec t  w a s  f i r s t  o b s e rv e d  by  J o l ly  and  L i e u r e  
(1930) in  g u in e a  p ig s  and  by P e r s i k e  (1940) in  m i c e ,  th e y  no ted  th a t  
the  th y m u s  d e c r e a s e d  in  w e ig h t and  a t  p a r t u r i t i o n  co u ld  w eigh  a s  
l i t t l e  a s  a  f if th  of n o r m a l  c o n t r o l s .  P e p p e r  (1961) o b s e r v e d  th a t  
th e  m a t e r n a l  th y m u s  l o s t  w e ig h t  d u r in g  p r e g n a n c y ,  co n t in u ed  to 
do so th ro u g h o u t  l a c ta t io n  and  h y p e r t r o p h ie d  a f t e r .  T h e s e  g r o s s  
v a r i a t i o n s  a r e  a c c o m p a n ie d  by h i s to lo g ic a l  c h a n g e s .  M a ro n i  and  
De S o u sa  (1972) o b s e r v e d  th a t  a t  10 d ay s  of g e s ta t io n ,  the  m u r i n e  
th y m u s  had  a d e c r e a s e d  n u m b e r  of ly m p h o c y te s  in  th e  c o r te x .
L a t e r  in  p r e g n a n c y ,  the  c o r t e x  n a r r o w s  and  c a n  b e c o m e  in d i s t in c t  
f r o m  the  m e d u l la .  I t  i s  p o s s ib le  to  a t t r ib u t e  th e s e  c h a n g e s  to 
i n c r e a s e s  in  c o r t i c o s t e r o i d  l e v e l s  d u r in g  p r e g n a n c y  and la c ta t io n .
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H o w e v e r ,  th e  th y m u s  w a s  show n to lo s e  a b o u t  7 0% of i t s  w e ig h t  t!
w hile  the  ly m p h  n o d e s  w e ig h ed  ab o u t  30% l e s s .  An e a r l i e r  
s tudy  by S a n t i s t e b a n  and  D o u g h e r ty  (1954) d e m o n s t r a t e d  th a t  the  
th y m u s  w a s  m o r e  s e n s i t iv e  th a n  the  ly m p h  n o d e s  to  the  e f fe c ts  
of a d r e n a l  c o r t i c o s t e r o i d s .
A n im m u n o lo g ic a l  e n ig m a  th a t  h a s  p ro v e d  l a r g e l y  
in e x p l ic a b le  i s  w hy th e  m o t h e r  d o e s  n o t  m o u n t  a n  im m u n o lo g ic a l  
r e a c t i o n  a g a in s t  th e  fo e tu s  and r e j e c t  i t  a s  i t  w ould  a h o m o g ra f t .
S e v e r a l  h y p o th e s e s  h av e  b e e n  o f fe re d  to  e x p la in  th i s  p h e n o m e n o n ,  
one of th e m  being  th a t  th e  m o t h e r  i s  im m u n o lo g ic a l ly  i n e r t .  T h i s  
s ta t e  of u n r e s p o n s i v e n e s s  co u ld  p o s s ib ly  be  m e d ia te d  by the  
im m u n o s u p p r e s s i v e  a c t io n  of i n c r e a s e d  a d r e n o c o r t i c a l  h o r m o n e s  
d u r in g  p r e g n a n c y .  H e s lo p  e t  a l  (1954) found th a t  sk in  hom o g r a f t s  
t r a n s p l a n te d  to  r a b b i t s  l a t e  in  p r e g n a n c y  s u rv iv e d  tw ic e  a s  long  
a s  in  n o n - p r e g n a n t  c o n t r o l s .  B i l l in g h a m  (1951) show ed  th a t  
c o r t i s o n e  cou ld  be  i m m u n o s u p p r e s s i v e  w hen a p p l ie d  lo c a l ly  on a 
sk in  g r a f t  a t  d o s a g e s  w h ich  w e r e  no t e f fe c t iv e  w hen  a d m in i s t e r e d  
s y s te m ic  a l ly .  T h u s  th e  h igh  l e v e l s  of h o r m o n e s  s e c r e t e d  by  
the  p la c e n ta  cou ld  be su f f ic ie n t  to a c t  lo c a l ly  in th e  in  vivo 
s i tu a t io n .  S im i l a r l y ,  h u m a n  c h o r io n ic  g o n a d o t ro p h in  (HGG) h a s  
b e e n  su g g e s te d  a s  an  i m m u n o s u p p r e s s a n t ,  a s  i t  i s  know n  to r e d u c e  
th e  r e s p o n s e  of h u m a n  ly m p h o c y te s  to  PHA in  v i t r o  (H au , 1975).
The c a u s e s  f o r  t h e s e  c h a n g e s  in  th e  im m u n o lo g ic a l  p o te n t ia l  
of the  m o t h e r  m a y  u l t im a te ly  be t r a c e d  b a c k  to  the  th y m u s ,  w h ich  
i t s e l f  u n d e r g o e s  m a r k e d  c h a n g e s  in  i t s  c e l l u l a r  p r o f i l e  d u r in g  
p r e g n a n c y .  T h e s e  c h a n g e s  m ig h t  ex p la in  th e  o b s e r v a t i o n s  of 
S t r e l k a u s k a s  e t  a l  (197 5) who found th a t  d u r in g  th e  f i r s t  t r i m e s t e r
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of p r e g n a n c y  in  h u m a n s ,  p e r i p h e r a l  T and B c e l l  l e v e l s  w e r e  
in v e r t e d  and r e s u m e d  t h e i r  n o r m a l  l e v e l s  d u r in g  th e  th i rd  
t r i m e s t e r .  T he  r e d u c e d  T c e l l  n u m b e r s  e a r l y  on  in  p re g n a n c y  
cou ld  r e s u l t  in  im p a i r e d  c e l l  m e d ia te d  im m u n o c o m p e te n c e , w ith  
th e  e s t a b l i s h m e n t  of t o l e r a n c e .  T h e  i n c r e a s e d  n u m b e r s  of B 
c e l l s  cou ld  f a c i l i t a t e  the  p ro d u c t io n  of b lock in g  a n t ib o d ie s ,  
s e n s i t i s e d  m a t e r n a l  ly m p h o c y te s  and  b lo c k in g  a n t ib o d ie s  w e r e  
d e m o n s t r a t e d  by  H e l l s t r o m  e t a l  (1969) in  m i c e .
T he  c h a n g e s  in  th e  c e l l u l a r i t y  of the  th y m u s  d u r in g  p re g n a n c y  
co u ld ,  in  th e o r y  be  c a u s e d  by e i t h e r  a r e d u c e d  p r o l i f e r a t i v e  
a c t iv i ty  of i t s  c e l l s  o r  by  a d e c r e a s e  in  th e  e n t r y  Of s t e m  c e l l s  
in to  the  o rg a n ,  o r  a c o m b in a t io n  of b o th .  T h e s e  a l t e r n a t iv e s  
cou ld  be a t  l e a s t  p a r t l y  r e s o lv e d  by a  s tudy  of the  c e l l  k in e t i c s  of 
th e  th y m u s  d u r in g  p r e g n a n c y  o r  s o m e  o th e r  in v o lu t io n a l  s t a t e .  4
3F a b r i k a n t  and  F o s t e r  (1971) u t i l i s e d  H T d R  la b e l l in g  in d ic e s  in  i
Îa n  in v e s t ig a t io n  of th e  c e l l  k in e t i c s  in  m o u s e  and  r a t  t h y m u s e s .  i
T h e y  c o n c lu d e  th a t  th e  p r e d o m in a n t  m e c h a n i s m  w h ich  a l t e r e d  the  
c e l l  p o p u la t io n  s t r u c t u r e  in  th e  th y m u s  a p p e a re d  to  be  an  i n c r e a s e  
in the  s iz e  of th e  p r o l i f e r a t i n g  p o p u la t io n  d u r in g  a c t iv e  th y m u s  f
g ro w th  i e .  th ro u g h  th e  a d d i t io n  of new  s t e m  c e l l s  and  t h e i r  
p ro g e n y .  T h y m u s  in v o lu t io n  o c c u r r e d  p r i m a r i l y  th ro u g h  a d e c r e a s e  
in  th e  s iz e  of th e  p r o l i f e r a t i n g  p o p u la t io n ,  th e  c e l l u l a r i t y  w as  no t 
a l t e r e d  by  s ig n i f ic a n t  d i f f e r e n c e s  in  the  c e l l  c y c le  c h a r a c t e r i s t i c s .
Z a i to u n  e t a l  (1979) u s e d  T d R  la b e l l in g  and s ta th m o k in e t ic  
t e c h n iq u e s  to  in v e s t ig a t e  th e  c e l l  p o p u la t io n  k in e t ic  p ro f i l e  of 
th e  n o r m a l  m o u s e  th y m u s  a s  w e l l  a s  in a n im a l s  t r e a t e d  w ith  
p r e d n is o lo n e ,  w h ic h  c a u s e s  m a r k e d  th y m ic  a t ro p h y .  P r e d n i s o lo n e  
had  an  in h ib i to r y  e f fe c t  m a in ly  in  the  S - p h a s e  and  in  G , 1 , T h e r e
■ÏÏ
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w as  a d e c r e a s e  in  the c e l l  b i r t h  r a t e  and  a n  i n c r e a s e  in the  a p p a r e n t  
c e l l  c y c le  t im e  a f t e r  t r e a t m e n t ;  th e  la b e l l in g  in d e x ,  m i to t i c  in d e x  
and th e  g ro w th  f r a c t i o n s  w e re  a l s o  d e c r e a s e d .  T h e y  e s t im a te  
th a t  p r e d n is o lo n e  t r e a t m e n t  r e d u c e s  the  c e l l  p r o d u c t io n  r a t e  by  
a p p ro x ,  60% and th e  s iz e  of th e  p r o l i f e r a t i n g  poo l by  4 0%, T h i s  
w ould  e f f e c t iv e ly  c a u s e  a  r e d u c t io n  in  th e  ou tpu t of ly m p h o c y te s  
f r o m  th e  th y m u s  to  n e a r l y  a  q u a r t e r  of n o r m a l  a m o u n t s .  Such  a 
m a r k e d  d e c r e a s e  in  th e  g e n e r a t io n  of T ly m p h o c y te s  c a u s e d  by 
s i m i l a r  h o r m o n a l  e f f e c t s  in  v ivo  m a y  w e ll  have  s ig n if ic a n t  
c o n s e q u e n c e s  on th e  im m u n o lo g ic a l  r e a c t iv i ty  of th e  p r e g n a n t  
a n im a l .
8. T h e  sco p e  of th i s  s tudy
It i s  ev id en t  th a t  the  d i f f e r e n t i a t io n  of m u l t ip o te n t i a l  s te m  
c e l l s  to th y m u s - d e r iv e d  T ly m p h o c y te s  o c c u r s  in  m o r e  th a n  one 
h a e m o p o ie t ic  e n v i ro n m e n t .  B o th  h o r m o n a l  in f lu e n c e s  and 
c e l l - t o - c e l l  in t e r a c t io n s  e x e r t e d  by the  n o n - ly m p h o id  c e l l s  of 
the  th y m u s  a r e  b e l ie v e d  to be invo lved  in  the  p r o c e s s i n g  of 
T - p r e c u r s o r  c e l l s ,  p r i o r  to  f u r t h e r  m a tu r a t i o n  in  th e  p e r i p h e r y .
I t  w a s  in te n d e d  to  d i s s e c t  and  s tudy  in  i s o la t io n  the  
m i c r o e n v i r o n m e n ta l  in f lu e n c e s  of the  th y m ic  n o n - ly m p h o id  c e l l s  
on the  m a t u r a t i o n  of T p r e c u r s o r  c e l l s  in  v i t r o . T h y m ic  
ly m p h o p o ie s is  is  in f lu e n c e d  by a  n u m b e r  of f a c t o r s  in c lu d in g  the 
a v a i la b i l i ty  of s t e m  c e l l s ,  age  and  s y s te m ic  h o r m o n a l  in f lu e n c e s .  
A s  the c e l l u l a r  p r o f i l e  of bo th  th e  th y m u s  and p e r i p h e r a l  T c e l l s
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a l t e r s  d u r in g  p r e g n a n c y ,  i t  w as  in te n d e d  to in v e s t ig a t e  w h e th e r  
th e s e  c h a n g e s  cou ld  be  a t t r ib u t e d  to th e  p r o l i f e r a t i v e  c a p a c i ty  
of th y m ic  ly m p h o c y te s  d u r in g  th i s  t r a n s i e n t  and p h y s io lo g ic a l ly  
n o r m a l  c o n d i t io n .
M A T E R IA L S  AND M ETHODS
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A . T hym us m o n o la y e r  c u l tu r e s
1. P r i m a r y  c u l tu r e s
Young a d u l t  m a le  m ic e  of the  CBA s t r a i n  (ob ta ined  f r o m  the  
B u te  a n im a l  h o u s e  b r e e d in g  s tock) w e r e  k i l le d  by e t h e r  a s p h y x ia  
and th e i r  th y m u s e s  r e m o v e d  u n d e r  a s c e p t i c  c o n d i t io n s .  T h e  
o r g a n s  w e r e  im m e d i a t e l y  p la c e d  in  co ld  RPMX 164 0 m e d iu m  (F low ) 
b u f fe re d  to  pH 7 .4  w ith  10 M H e p e s  (N -2 - h y d r o x y e th y lp ip e r a z in e -  
N ’- 2 - e th a n e  su lp h o n ic  acid )  and  m in c e d  w ith  s t e r i l e  i n s t r u m e n t s  to 
f r a g m e n t s  of 1-2  m m  s iz e .  T h e  t i s s u e  w a s  th e n  w a s h e d  in  m e d iu m  
and t r a n s f e r r e d  to  p r e - w e t t e d  25 sq c m  c u l tu r e  f l a s k s  (C o rn in g ) ,  
eac h  f l a s k  c o n ta in e d  one th y m u s .  T h e  th y m ic  f r a g m e n t s  w e r e  
le f t  u n d is tu rb e d  f o r  a p p r o x im a te ly  15 m in u te s  to a l lo w  th e m  to 
a d h e r e  to th e  p l a s t i c  s u r f a c e .  2 m l  of R P M I 164 0 o r  E a g le s  
m in im a l  e s s e n t i a l  m e d iu m  (M E M , (Flow ) ) b u f fe re d  to pH 7 .4  
w ith  0 .0 4  % (w /v) s o d iu m  b ic a r b o n a te  (NaHCO^) c o n ta in in g  2 m m o le s  
of g lu ta m in e  and  10% h e a t  in a c t iv a te d  fo e ta l  c a l f  s e r u m  (H IFC S , 
both  f r o m  F lo w  L a b o r a t o r i e s )  and 50 u n i t s  e a c h  of p e n ic i l l in  and  
s t r e p t o m y c in  (Difco) w a s  added  p e r  f l a s k .  T h e  f l a s k s  w e r e  g a s s e d  
w ith  a m i x tu r e  of 95% a i r  / 5% C O ^, s to p p e re d  and  in c u b a te d  a t  37° C . 
A f te r  24 h o u r s ,  th e  m e d iu m  w a s  ch a n g e d ,  th e  t i s s u e  f r a g m e n t s  
h a v in g  a d h e re d  f i r m l y  to  th e  f l a s k s .  5 m l  of f r e s h  m e d iu m  w as  
added  p e r  f l a s k ,  r e g a s s e d  and in c u b a te d  a t  37°C . T he  m e d iu m  
w as  ch an g e d  e v e r y  3 d a y s  and  the  c u l tu r e s  e x a m in e d  u n d e r  an 
O ly m p u s  in v e r te d  m i c r o s c o p e  w ith  p h a s e  c o n t r a s t .
2. H a r v e s t in g  c e l l s  f r o m  m o n o la y e r s
C a lc iu m  and  m a g n e s i u m  f r e e  p h o s p h a te  b u f fe re d  s a l in e  
(C M F -P B S )  w a s  p r e v io u s l y  w a r m e d  to 37°C . 0 ,25%  t r y p s i n  w as
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- 3m a d e  up in  C M F -P B S  c o n ta in in g  10 M ED TA  (e th y le n e d ia m in e -  
t e t r a a c e t i c  a c id ,  BD H ). Thym us m o n o l a y e r s  f r o m  p r i m a r y  
c u l tu r e s  a p p ro x .  1 m o n th  old  w e re  w a sh e d  th o ro u g h ly  w ith  
C M F -P B S ;  2 -3  m l  of the  t r y p s i n  s o lu t io n  w as  ad d ed  p e r  f l a s k  
and  in c u b a te d  f o r  a p p ro x  2 m in s  a t  37°C . T h e  e n z y m e  s o lu t io n  
w as  d i s c a r d e d  and a p p ro x  the  s a m e  am o u n t  of f r e s h  t r y p s in  w a s  
added  to the  f l a s k s  and in c u b a te d  f u r t h e r  a t  37°C w ith  gen t le  
a g i ta t io n  on a r o l l e r  (D en ley  I n s t r u m e n t s ) .  T h e  m o n o l a y e r s  w e r e  
p e r io d i c a l ly  e x a m in e d  u n d e r  the  in v e r t e d  m i c r o s c o p e  and w hen  
m o s t  of the  c e l l s  h ad  d e ta c h e d ,  the  e n z y m ic  p r o c e s s  w a s  in h ib i te d  
by add ing  a p p ro x  5 m l  of R P M I-H e p e s  c o n ta in in g  20% H IF C S .
C e l l s  w e r e  r e s u s p e n d e d  by g en t le  a s p i r a t i o n  th ro u g h  a p a s t e u r  
p ip e t te  and t r a n s f e r r e d  to 10 m l  p la s t i c  tu b e s  (S te r i l in )  and 
c e n t r i fu g e d  in  an  MSE C h i l s p in  c e n t r i f u g e  (F is o n s )  f o r  not m o r e  
th a n  10 m in s  a t  200 G . T h e  s u p e r n a ta n t  w as  d i s c a r d e d  and the  
c e l l  p e l l e t  g en t ly  r e  s u sp e n d e d  and w a sh e d  in  m e d iu m  c o n ta in in g  
s e r u m  X2 m o r e .  T h e  c e l l s  w e r e  th e n  re  su sp e n d e d  in  5m l 
R P M I-H e p e s  c o n ta in in g  20% H IFC S  and the  v ia b i l i ty  d e t e r m in e d  
by a t r y p a n  b lue  dye e x c lu s io n  t e s t .  T he  c e l l s  w e r e  e i t h e r  u s e d  
fo r  m a k in g  c y to s p in  p r e p a r a t i o n s  f o r  m o r p h o lo g ic a l  e x a m in a t io n  
o r  f o r  f u r t h e r  c u l tu r e  in v i t r o .
3. S u b c u l tu re  of m o n o la y e r  c e l l s
T h e  r e  s u sp e n d e d  t r y p s in i s e d  c e l l s  w e r e  a d ju s te d  to  a
■5c o n c e n t r a t i o n  of a p p ro x  10 c e l l s / m l  and p la te d  out in  25 sq c m  
t i s s u e  c u l tu r e  f l a s k s  a s  d e s c r ib e d  ab o v e .  T he  c e l l s  w e re  
a l low ed  to  a d h e r e  to the s u b s t r a t e  by in c u b a t in g  a t  37°C o v e rn ig h t .  
T h e  s u p e r n a ta n t  c o n ta in in g  the  n o n - a d h e r e n t  c e l l s  w as  r e m o v e d
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and 5 m l  of f r e s h  m e d iu m  c o n ta in in g  s e r u m  w as  a d d e d .  T h e  
c e l l s  w e r e  c u l tu r e d  a s  d e s c r ib e d  p re v io u s ly .
4 . In ^ u c U y e _ p ro jp e rU e s jo f_ ^ m q n o l^ ^ r_ c e U ^
T h e  c u l tu r e  m e d iu m  (5 m l) f r o m  th e  f l a s k s  w e r e  ch an g ed  
e v e r y  3 d a y s .  T h i s  c o n d i t io n e d  m e d iu m  (Ck%0 w a s  c o l le c te d  a t  
a t  t h e s e  t i m e s  and c e n t r i f u g e d  a t  200 G f o r  10 m in  and the  c e l l - f r e e
7s u p e r n a ta n t  r e t a in e d ,  10 S y n g en e ic  th y m o c y te s  w e r e  in c u b a te d  
in  the  CM f o r  24 h a t  a  c o n c .  of 2 x  1 0 ^ /m l  a t  3 7 ° C . T h e  c e l l s  
w e re  r e c o v e r e d ,  w a s h e d  and s e t  up in  the  m i c r o c u l t u r e  s y s t e m
7w ith  P H A , to  be  d e s c r ib e d  l a t e r .  A l te rn a t iv e ly ,  10 th y m o c y te s  
w e re  in c u b a te d  in  th e  c u l tu r e  f l a s k s  on the th i r d  d ay  a f t e r  m e d iu m  
c h a n g e .  T h e y  w e r e  r e c o v e r e d  24 h a f t e r  in c u b a t io n  a t  37°C and 
the  m o n o l a y e r s  r i n s e d  w ith  f r e s h  m e d iu m .  T h e  c e l l s  w e r e  th en  
s i m i l a r l y  c u l tu r e d  w ith  P H  A .
5. P r o c e s s i n g  of m o n o l a y e r s  fo r  l ig h t  m ic r o s c o p y
(a) J e n n e r - G i e m s a  s ta in
T h e  c u l tu r e  m e d iu m  f r o m  th e  f l a s k s  w as  d i s c a r d e d  and  th e  
m o n o l a y e r s  r in s e d  w ith  P B S . A p p ro x .  5 m l  of a b s o lu te  m e th a n o l  
(BDH) w as  added  p e r  f l a s k  and f ixed  f o r  10 m i n s ,  5 m l  of J e n n e r ’s 
s ta in  (p r e v io u s ly  d i lu te d ,  4 5 m l  J e n n e r ’s: 113 m l  b u f fe re d  w a te r  
pH 6 .4 )  w a s  added  to th e  f l a s k s  and le f t  f o r  5 m in ,  th e n  d i s c a r d e d  
and r in s e d  w ith  b u f fe re d  w a t e r .  T h e  m o n o la y e r s  w e r e  th e n  s ta in e d  
w ith  G ie m s a  ( a ls o  d i lu te d ,  25 m l  G ie m s a :  150 m l  b u f fe re d  w a te r )  
f o r  10 m in .  T h e  s ta in  w a s  d i s c a r d e d ,  r in s e d  w ith  b u f fe re d  w a te r  
and d r ie d  in a i r .
(b) P e r io d i c  ac id  S ch iff  ’ s s ta in
C u l tu r e  f l a s k s  w e r e  w a sh e d  w ith  PB S fo r  15 m in  a t  37^C and
40
fixed  a s  b e f o r e .  A 0 .5  % s o lu t io n  of p e r io d ic  a c id  (HIO^) w as  
added  fo r  5 m in ,  th e n  r in s e d  in  s e v e r a l  c h a n g e s  of d i s t i l l e d  w a t e r .  
S c h if f ’ s r e a g e n t  w a s  added  f o r  10-15  m in  and th e n  r in s e d  w ith  
2 x 3  m in  c h a n g e s  of d i s t i l l e d  w a t e r .  T h e  f l a s k s  w e r e  th e n  r in s e d  
u n d e r  ru n n in g  w a t e r  f o r  5 m in  and  c o u n te r  s ta in e d  w ith  H a r r i s '  
h a e m a to x y l in  f o r  2 0 -3 0  sec  and f u r t h e r  r i n s e d  in  ru n n in g  w a te r  
fo r  5 m in .
(c) H i s to c h e m ic a l  d e te c t io n  of n o n - s p e c i f i c  e s t e r a s e
T h e  s im u l ta n e o u s  c a p tu r e  m e th o d  w as  u s e d ,  the  s u b s t r a t e  
a - n a p h th y l  a c e t a t e  (S igm a).
(1) P a r a r o s a n i l i n e  w a s  m a d e  by d is s o lv in g  2 g of p a r a r o s a n i l i n e  
h y d r o c h lo r id e  in  50 m l  of 2M h y d ro c h lo r i c  a c id  by h e a t in g  g en t ly ,  
co o l in g  to  r o o m  t e m p e r a t u r e  and  f i l t e r in g .
(2) H e x a z o t i s e d  p a r a r o s a n i l i n e  w a s  m a d e  by m ix in g  0. 3 m l  of (1) 
w ith  f r e s h l y  m a d e  40% s o d iu m  n i t r i t e  (N aNO ^, BDH) and a l lo w in g  
to s tan d  f o r  1 m i n .  A s  th e  d ia z o ta te  i s  u n s ta b l e ,  th i s  w a s  m a d e  
up f r e s h  j u s t  b e f o r e  s ta in in g .  T h e  r e a c t io n  m i x tu r e  w as  m a d e  
f r e s h  and c o m p o s e d  o f :-
4 m g  2 - n a p h th y la c e ta te  d i s s o lv e d  in  0 .5  m l  of m e th y le n e  g ly co l  
m o n o e th y l  e t h e r  (C e l lo s o lv e ,  BDH) and m ix e d  w ith  0. 5 m l  of (2) 
and  8. 6 m l  of (3) 0, 15 M S o r e n s e n ' s  b u f fe r  a t  pH 7 .  6
P o t a s s i u m  d ih y d ro g e n  p h o s p h a te  (KH^PO^) - 9 .0 7  g/1 
D is o d iu m  h y d ro g e n  o r th o p h o s p h a te  ( N a ^ H P 0 ^ 2 H ^ 0 ) -  1 1 .9  g/1 
T h e  m e d iu m  f r o m  th e  f l a s k s  w a s  d i s c a r d e d  and  r in s e d  in  P B S  and 
m o n o la y e r s  f ixed  in  s i tu  w ith  (4) 10% n e u t r a l  f o r m o l  c a l c iu m  f o r  
15 m in .  T h e  f ix a t iv e  w a s  m a d e  a s : -
10 m l  of a 4 0% so lu t io n  of f o r m a l in
1 g of c a l c iu m  c h lo r id e  (C a C l2) : d i s t i l l e d  w a te r  to 100 m l
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T h e  m o n o l a y e r s  w e r e  d r i e d  in  a i r  f o r  1 h and th e n  in c u b a te d  w ith  
the e s t e r a s e  r e a c t i o n  m ix tu r e  fo r  40 m in ,  w a s h e d  in  b u f fe r  and 
c o u n te r  s ta in e d  w ith  M a y e r ' s  h a e m a lu m  f o r  5 m in .  T h ey  w e re  
th e n  d r i e d  and  v iew ed  u n d e r  a n  in v e r t e d  m i c r o s c o p e .
6. C y to c e n t r i f u ^ e  p r e p a r a t i o n s
S ing le  c e l l s  p r e p a r e d  f r o m  t r y p s in i s e d  m o n o l a y e r s  o r  f r o m  
in ta c t  lym pho id  t i s s u e  w e r e  e x a m in e d  m o r p h o lo g ic a l ly  on 
c y to c e n t r i f u g e  p r e p a r a t i o n s .  T h e  c e l l s  w e r e  re  s u sp e n d e d  to a
5c o n c e n t r a t i o n  of 1 0 / m l  in  m e d iu m  co n ta in in g  20% s e r u m ,  p la c e d  
in  c h a m b e r s  of a 'S h an d o n ' c y to c e n t r i fu g e  and  s p u n .a t  a p p ro x ,
100 G f o r  10 m in .  T h e  s m e a r s  w e r e  a i r - d r i e d ,  f ixed  and 
s ta in e d  a s  in  5 (a),
7 . M easurencm nf_o:^groy^h^:m ^_o^m
M o n o la y e r s  of th y m u s  c e l l s  w e r e  c u l tu r e d  a s  d e s c r ib e d  
p r e v io u s ly  and t h e i r  r a t e  of g ro w th  w as  e s t i m a t e d  by co u n tin g  the  
n u m b e r s  of c e l l s  in  th e  s a m e  r a n d o m ly  c h o s e n  lo c a t io n s  a t  r e g u l a r  
in t e r v a l s  o v e r  the  c u l tu r e  p e r io d .  S om e  a t te m p t  w a s  m a d e  to  
c l a s s i f y  the  c e l l  ty p e s  on  the  b a s i s  of t h e i r  s iz e  an d  s h a p e .  T h e  
c u l t u r e s  w e r e  o b s e r v e d  f r o m  2-4  d a y s  a f t e r  s t a r t  of c u l tu r e  t i l l  
the  in d iv id u a l  a r e a s  o b s e r v e d  b e c a m e  c o n f lu e n t .
8. C h a r a c t e r i s a t i o n  of m o n o l a y e r s
(a) P h a g o c y to s i s  of y e a s t  c e l l s
A 1% s u s p e n s io n  of b a k e r ' s  y e a s t  ( F i s h e r  and D ona ldson )  w as  
p r e p a r e d  in  PB S  and h e a t - k i l l e d  in  a p r e s s u r e - c o o k e r  a t 15 p s i  
f o r  1 h .  T h e  m e d iu m  f r o m  the  c u l tu r e  f l a s k s  w a s  d i s c a r d e d  and 
5 m l  of th e  y e a s t  s u s p e n s io n ,  p r e - w a r m e d  to 37°C w as  added  to
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e a c h  f l a s k .  T h e  f l a s k s  w e r e  in c u b a te d  a t 37^C f o r  1 h ,  and  th e n  
the  y e a s t  s u s p e n s io n  w as  d i s c a r d e d  and the  m o n o la y e r s  r i n s e d  in  
PB S to r e m o v e  an y  r e m a in in g  e x t r a c e l l u l a r  y e a s t .  T h e  m o n o la y e r  
c e l l s  w e r e  th e n  f ix ed  in  m e th a n o l  and s ta in e d  w ith  J e n n e r - G i e m s a .  
A l t e rn a t iv e ly ,  th e y  w e r e  f ix ed  w ith  n e u t r a l  f o r m o l  c a l c iu m  and 
u s e d  f o r  h i s t o c h e m i s t r y  a s  d e s c r ib e d  p r e v io u s l y ,
(b) D e te c t io n  of F c r e c e p t o r s  on th y m ic  m o n o la y e r  c e l l s
R a b b i t  a n t i - o x  r e d  c e l l  s e r u m  (Rab a -o x )  a k ind  g ift f r o m  
D r .  A ,A .  N a sh  ( U n iv e r s i ty  of C a m b r id g e )  w a s  h e a t  in a c t iv a te d  a t  
56°C f o r  30 m in ,  a l iq u o te d  and  s to r e d  a t  - 2 0 ° C . Ox r e d  c e l l s  
w e r e  o b ta in e d  f r o m  th e  S t. A n d re w s  s l a u g h te r h o u s e ,  c e n t r i f u g e d  
a t  a 1000 G fo r  10 m in ,  the  p l a s m a  r e m o v e d ,  r e  su sp e n d e d  an d  
w a sh e d  x  3 in  P B S .  I t  w a s  s to r e d  a t  4°C f o r  a m a x im u m  of 
2 w e e k s  in  A ls  e v e r ' s  s o lu t io n .
Ox e r y t h r o c y t e s  w e r e  w a s h e d  x 3 in  PB S  and  m a d e  up to  a 
5% s u s p e n s io n .  T o  0 .5  m l  of th i s  w as  added  20X41 of the R ab  <%-ox 
s e r a  and in c u b a te d  f o r  40 m in  a t r o o m  t e m p e r a t u r e .  T h e  an t ib o d y  
c o a te d  r e d  c e l l s  w e r e  th e n  w a s h e d  x 3 in  P B S  to r e m o v e  unbound 
an t ib o d y  and r e  su sp e n d e d  in  a p p ro x .  2. 5 m l  of R P M I-H e p e s  
c o n ta in in g  2% H IF C S , T h e  m o n o l a y e r s  w e r e  w a sh e d  th o ro u g h ly  
w ith  P B S  and a s m a l l  v o lu m e  of th e  an t ib o d y  c o a ted  r e d  c e l l  
s u s p e n s io n  w a s  added  so a s  to j u s t  c o v e r  the m o n o l a y e r .  T h e y  
w e re  le f t  f o r  1 h a t  r o o m  t e m p e r a t u r e  and g e n t ly  r i n s e d  w ith  
PB S to r e m o v e  the  e x c e s s  r e d  c e l l s .  T he  m o n o l a y e r s  w e r e  th e n  
f ixed  in  m e th a n o l  and s ta in e d  w ith  J e n n e r - G i e m s a .  F o r  c o n t r o l s  , 
p e r i t o n e a l  e x u d a te  c e l l s  (P E C ) s i m i l a r l y  c u l tu r e d  a s  m o n o l a y e r s  
w e r e  a l s o  t r e a t e d  a s  above  to d e te c t  F c  r e c e p t o r s .
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9. E l e c t r o n  m i c r o s c o p y  te c h n iq u e s  f o r  m o n o la y e r  c e l l s
(1) M o n o la y e r s  w e r e  f ix ed  in  g lu t a r a ld e h y d e /p a r a f o r m a ld e h y d e  (BDH) 
f o r  1 h  s i t u .
(2) W a sh e d  in  0 .0 8  M s o d iu m  c a c o d y la te  b u f fe r  (BDH) x 3 f o r  5 m in  
e a c h .
(3) F ix e d  w ith  o s m iu m  t e t r o x id e  (O sO ^, BDH) in  b u f fe r  f o r  1 h a t  
ro o m  t e m p e r a t u r e .
(4) W ash ed  in  b u f f e r .
(5) D e h y d ra te d  s e q u e n t ia l ly  in  75%, 96% and x 3 c h a n g e s  of a b s o lu te  
a lc o h o l  f o r  15 m in  e a c h .  In  th e  p e n u l t im a te  a lc o h o l  r i n s e ,  th e y  w e r e  
s ta in e d  w ith  m e th y le n e  b lue  to  d e t e c t  the  c e l l s ,
(6) M o n o la y e r s  w e r e  t r e a t e d  w ith  equa l p a r t s  of a b s o lu te  a l c o h o l /e p o x y  
p ro p a n e  (BDH), th e n  t r e a t e d  w ith  x  3 c h a n g e s  of epoxy p ro p a n e  f o r
15 m in  e a c h ,  w h ich  d i s s o lv e d  the top  of th e  p l a s t i c  s u b s t r a t e  th u s  
d i s s o c ia t in g  the  c e l l s .
(7) T h e  c e l l s  w e r e  c o l le c te d  in  a  g la s s  v ia l  and t r e a t e d  w ith  eq u a l 
p a r t s  of epoxy  p r o p a n e / a r a l d i t e  and  le f t  o v e rn ig h t  w ith  the  l id  s l ig h t ly  
o p en  to  a l lo w  e v a p o ra t io n  of th e  epoxy p ro p a n e .
(8) T h e  epoxy  p r o p a n e / a r a l d i t e  m i x tu r e  w a s  d i s c a r d e d  and r e p la c e d  
w ith  f r e s h  a r a l d i t e  and th e n  le f t  f o r  6 h  a s  ab o v e .
(9) T h e  c e l l s  w e r e  th e n  em b e d d e d  by p la c in g  th e  v ia l s  in  a 60°C 
in c u b a to r  f o r  36-4  8 h to a l lo w  the  r e s i n  to  p o l y m e r i s e ,
(10) S i lv e r  s e c t io n s  of th i c k n e s s  0 .0 5  m i c r o n s  w e r e  c u t  on a 
R e i c h e r t - J u n g  OMU3 u l t r a m i c r o t o m e  and e l e c t r o n  m i c r o g r a p h s  
ta k e n  on a Z e i s s  EM 9S2 m i c r o s c o p e .
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A l te r n a t iv e ly ,  c e l l s  w e r e  t r y p s in i s e d  f r o m  m o n o l a y e r s  and  
p e l le t t e d  by c e n t r i f u g a t io n .  T h e  c e l l  p e l le t  w as  th e n  f ixed  and 
p r o c e s s e d  a s  b e f o r e ,  e x c e p t  i t  w a s  not s ta in e d  w ith  m e th y le n e  b lu e .
B , O r g a n  c u l tu r e  of fo e ta l  th y m u s
1 . S q u rc ^  o f _ t i ^ ^ ^
F o e t a l  t h y m u s e s  f r o m  e m b ry o s  of CBA m i c e  a t  14, 15 and 16 
d ay s  of g e s ta t io n  w e r e  u s e d  in  th i s  s tu d y .  T h r e e  young ad u l t  
f e m a le  m i c e  w e re  h o u s e d  p e r  c a g e  w ith  one m a le  an d  c h e c k e d  d a i ly  
fo r  the a p p e a r a n c e  of v a g in a l  p lu g s ,  w hich  w a s  c o n s id e r e d  a s  
day  0 of g e s ta t io n .  T h e  p r e g n a n t  m ic e  w e r e  k i l l e d  by e th e r  
a s p h y x ia ,  t h e i r  u t e r i  r e m o v e d  and the  f o e tu s e s  d i s s e c t e d  u n d e r  a 
K yow a b in o c u la r  m i c r o s c o p e .  T h e  th y m u s e s  w e r e  r e m o v e d  u n d e r  
a s c e p t i c  c o n d i t io n s  and t r a n s f e r r e d  to p la s t i c  p e t r i d i s h e s  (Nunc) 
co n ta in in g  co ld  R P M I -H e p e s  m e d iu m .  T he  th y m u s e s  w e re  
d i s s o c ia te d  f r o m  c o n ta m in a t in g  c o n n e c t iv e  t i s s u e  and  blood v e s s e l s  
and s e p a r a t e d  in to  t h e i r  in d iv id u a l  lo b e s .
2. T h e  o r g a n  c u l tu r e  s y s t e m
T h is  w a s  a  m o d i f ic a t io n  of th e  m e th o d  d e s c r ib e d  by  T r o w e l l  
( 1954 ) .  I n t a c t  f o e ta l  th y m ic  lo b e s  w e re  p la c e d  on s m a l l  p ie c e s  
of 'm i l l i p o r e '  f i l t e r s  a p p ro x .  4 sq  m m  in s iz e ,  w h ic h  w e re  
t h e m s e lv e s  s u p p o r te d  on s t a i n l e s s  s te e l  g r id s  of a p p ro x  1 sq  c m .  
T h e s e  w e r e  p la c e d  in  s m a l l  p l a s t i c  p e t r i d i s h e s  ( S te r i l in ) ,  one g r id  
p e r  d is h  and 3 m l  of c u l tu r e  m e d iu m  w a s  added  so a s  to f o r m  a 
m e n is c u s  a t  the  g r id .  T h e  m e d iu m  u se d  w a s  e i t h e r  R P M I 1640 o r  
W a y m o u th 's  (F lo w ),  b i c a r b o n a te  b u f fe re d  and c o n ta in in g  H IF C S , 
g lu ta m in e  and p e n i c i l l i n / s t r e p t o m y c i n  (as  b e fo r e ) .  In  so m e
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p r o to c o l s ,  s e r u m - f r e e  m e d iu m  w a s  u s e d .  T h e  p e t r i d i s h e s  w e r e  
p la c e d  in  l a r g e r  p e t r i d i s h e s  ( t h r e e  p e r  l a r g e  d ish )  and th e s e  w e re  
s ta c k e d  in  a n  o r g a n  c u l tu r e  j a r  (G a llen k am p )  w h ich  w as  g a s s e d ,  
s e a le d  and  in c u b a te d  a t  37°C in  a m o i s t  a t m o s p h e r e .  T h e  j a r s  
w e r e  g a s s e d  w ith  e i t h e r  a m i x tu r e  of 95% a i r / 5% CO^ o r  
95% 0 ^ /5 %  CO^ and  the  m e d ia  w a s  ch an g e d  e v e r y  2 -3  d a y s .  T he  
th y m u s e s  w e r e  c u l tu r e d  f o r  v a ry in g  t i m e s  bu t f o r  n o t  m o r e  th a n  
14 d a y s ;  the  e x p la n ts  w e r e  th e n  e i t h e r  t r a n s p l a n te d  u n d e r  the  
r e n a l  c a p s u le s  of m ic e  o r  p r e p a r e d  f o r  m o r p h o lo g ic a l  e x a m in a t io n .
3. T r a n s p l a n t a t i o n  u n d e r  r e n a l  c ^ s u l e s
T he  th y m ic  e x p la n ts  a f t e r  o r g a n  c u l tu r e  w e r e  t r a n s p l a n te d  
u n d e r  the  r e n a l  c a p s u le s  of s y n g e n e ic  o r  a l lo g e n e ic  h o s t s .  T h e  
r e c i p i e n t s  w e r e  a n a e s t h e t i s e d  by a d m in i s t e r i n g  the  d ru g  S a g i ta l  
(BDH) i n t r a p e r i t o n e a l l y  ( I /P )  a t  a d o se  of 1 .5  m g / m o u s e .  T h e  
s u r g ic a l  p r o c e d u r e  w a s  k in d ly  p e r f o r m e d  by D r .  A . C .  R ic h e s .
An in c i s io n  w as  m a d e  in  th e  s k in s  and a  f u r t h e r  in c i s io n  th ro u g h  
the  body  w a ll  on  the  le f t  of the  a b d o m e n .  T he  le f t  k id n e y  w as  
lo c a te d  and a  lo n g i tu d in a l  in c i s io n  w as  m a d e  in  th e  r e n a l  c a p s u le  
w ith  a  s t e r i l e  s c a lp e l  b la d e .  One o r  two th y m u s  lo b e s  w e r e  
th e n  i n s e r t e d  u n d e r  th e  c a p s u l a r  l a y e r .  T h e  e d g e s  of th e  c a p s u l a r  
in c i s io n  w e r e  th e n  r e a p p o s e d .  T h e  k idney  w a s  r e p o s i t io n e d  on th e  
p o s t e r i o r  a b d o m in a l  w a l l  and  the body w all  in c i s io n  w a s  s u tu re d  
w ith  s u r g i c a l  s i lk  ( E th ic o n ) . T h e  sk in  in c i s io n  w a s  th e n  c lo s e d  
w ith  M ic h e l l  c l i p s .  T h e  a n im a l s  w e r e  k e p t  w a r m  u n d e r  ta b le  l a m p s  
u n t i l  th e y  r e v iv e d .  T h e  c l ip s  w e r e  r e m o v e d  two w e e k s  l a t e r  and 
the  a n im a ls  s a c r i f i c e d  one m o n th  a f t e r  the  t r a n s p l a n t .  T he  
k id n e y s  w e r e  r e m o v e d  and the  g r a f t s  e x a m in e d  and t r e a t e d  f o r
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h is to lo g y .
4 . In je c t io n  of c e l l s  in to  th y m ic  e x p la n ts
T h y m ic  e x p la n ts  a f t e r  o rg a n  c u l tu r e  in  95% 0 ^ /5 %  CO^ w e r e  
in je c te d  w ith  c o n c e n t r a t e d  s u s p e n s io n s  of h a e m o p o ie t ic  c e l l s .
C e l l s  w e r e  o b ta in e d  f r o m  th e  bone m a r r o w  of n o r m a l  a n i m a l s  and 
th o se  t r e a t e d  w ith  th e  c y to to x ic  d ru g  m u s t in e  h y d r o c h lo r id e  
(n i t ro g e n  m u s t a r d  H N ^, B o o ts )  a t  a d o s e  of 4 m g / k g  body w t.
In  a d d i t io n ,  th y m o c y te s  f r o m  15 day  e m b ry o s  w e r e  a l s o  u s e d .
T h e  c e l l s  w e r e  lo a d e d  in to  in je c t io n  n e e d le s  m a n u fa c tu r e d  f r o m  
gl-asa c a p i l l a r y  tu b in g  on  a  p ip e t te  a p p a r a tu s  w ith  a  p la t in e  s p i r a l .  
T h i s  w a s  p r e p a r e d  in  tw o  s ta g e s ;  a t  f i r s t  a p ip e t te  w ith  a  d i a m e t e r  
of 60 -8 0  m i c r o n s  w a s  o b ta in e d ,  fo llow ed  by  a second  s tep  to  o b ta in  
a  d i a m e t e r  of 10 -20  m i c r o n s .  T h e  in je c t io n  n e e d le s  w e r e  c o n n e c te d  
by a  m e a n s  of th in  'P o r t e x '  tub ing  to  a n  'Agla* m i c r o m e t e r  s y r in g e
(W e l lc o m e ) .  No m o r e  th a n  l-2yu j.  of the  c e l l  s u s p e n s io n  c o n ta in in g
5a p p ro x ,  10 c e l l s  w e r e  in je c te d  in to  th e  e x p la n ts .
5. M o rp h o lo g ic a l  e x a m in a t io n
(a) L ig h t  m i c r o s c o p y : P a r a f f i n  s e c t io n s
S ta n d a rd  h i s to l o g ic a l  p r o c e d u r e s  had  to  be m o d if ie d  b e c a u s e  
of the  d im in u t iv e  s iz e  of th e s e  e x p la n ts .  F o e t a l  th y m ic  e x p la n ts  
w e r e  f ix ed  in  B o u in 's  so lu t io n  f o r  3-4 h , th e n  t r a n s f e r r e d  to 70% 
e th a n o l .  T h e y  w e r e  t r e a t e d  s e q u e n t ia l ly  to  96% e th a n o l ,  2 x  
c h a n g e s  of a b s o lu te  e th an o l  and c h l o r o f o r m ,  e a c h  of 15 m in  d u ra t io n .  
A f u r t h e r  in c u b a t io n  in  f r e s h  c h l o r o f o r m  f o r  30 m in  w as  fo llow ed  
by t r a n s f e r  to p a r a f f i n  w ax  fo r  4 5 m in  u n d e r  v a c u u m .  T h e  
ex p la n ts  w e r e  th e n  em b e d d e d  in  f r e s h  p a r a f f i n  w ax  and m o u n te d  in  
b lo c k s .  S e c t io n s  of 5 m i c r o n s  th i c k n e s s  w e r e  cu t  on a  L e i tz
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m i c r o t o m e ,  m o u n te d  on m i c r o s c o p i c a l  s l id e s  and  s ta in e d  w ith  
h a e m a to x y l in  and  e o s in  (H and E ) ,
(b) E l e c t r o n  m i c r o s c o p y
T h e  e x p la n ts  w e r e  p r o c e s s e d  a s  d e s c r ib e d  p r e v io u s ly ,  e x c e p t  
the  t i s s u e  w a s  f ix ed  in  g lu t a r a ld e h y d e /p a r a f o r m a ld e h y d e  f o r  2 h 
and  f ix ed  in o s m iu m  te t r o x id e  f o r  1 h .  T h e  t i s s u e  w a s  no t s ta in e d  
w ith  m e th y le n e  b lu e .
6. M ethod_for a g g r eg a t in g  c e i l s _ fp ^
A  2% s o lu t io n  of a g a r  (D ifco) in  w a r m  PB S  w a s  m a d e  u p .
3 m l  of th i s  w a s  p ip e t te d  in to  5 m l  p la s t i c  t i s s u e  c u l tu r e  tu b e s  
(F a lc o n ) .  A F in n p ip e t te  t ip  w a s  in t ro d u c e d  in to  th e  tu b e s ,  d i s p la c in g  
so m e  of th e  a g a r .  T he  c a p s  w e r e  r e p la c e d ,  w ith  a  s m a l l  le n g th  of 
w i r e  th ro u g h  th e m ,  so  th a t  the  w i r e  ex ten d ed  th ro u g h  th e  d ep th  of 
the  F in n p ip e t te  t ip  and  p r o t r u d e d  s l ig h t ly  in to  th e  a g a r .  T h e s e  
p r o c e d u r e s  w e r e  c a r r i e d  ou t w h ile  the  a g a r  w a s  s t i l l  in  th e  l iq u id  
s t a t e .  W hen i t  s e t ,  the  w i r e  w a s  p u l le d  ou t,  l e t t in g  in  a i r  th ro u g h  
the  o r i f i c e  a t  th e  t i p ' s  end and th u s  b re a k in g  th e  p r e v io u s l y  a i r - t i g h t  
s e a l  a ro u n d  th e  F in n p ip p e t te  t ip .  T h e  tip  w a s  th e n  r e m o v e d ,  
le a v in g  a  c o n ic a l  m o u ld  in  the  a g a r .  A c e l l  s u s p e n s io n  w as  th e n  
c e n t r i f u g e d  in  th e  tu b e ,  r e s u l t in g  in  an  a g g r e g a te d  p e l l e t  of c e l l s  
in  the  b o t to m  of th e  a g a r  c o n e .  T h e  s u p e r n a ta n t  w a s  th e n  
re m o v e d  and th e  e n t i r e  a g a r  b lo ck  r e m o v e d  f r o m  th e  tu b e  by  
p i e r c in g  a  s m a l l  h o le  in  th e  b o t to m  of th e  p l a s t i c  tube  and b low ing  
out u n d e r  p r e s s u r e  w ith  a g a s  l in e  a p p l ie d  to the  h o le .  T he  
a g a r  b lo ck  c o n ta in in g  th e  p e l l e t  of c e l l s  w a s  t r i m m e d  to a 
c o n v e n ie n t  s iz e  and  p la c e d  u p r ig h t  in  a  p e t r i d i s h  c o n ta in in g  m e d iu m .  
T h e  p e l l e t  of c e l l s  w a s  then  c u l tu r e d  a s  in  th e  c o n v e n t io n a l  o rg a n














c u l tu r e  s y s t e m ,  th e  a g a r  b e in g  r e a d i ly  p e r m e a b le  to m e d iu m ,
C . A s s a y s  f o r  i m m u n o c o m p e te n c e /m a tu r a t i o n
1. D e te c t io n  of T h y  1 by  im m u n o c y t o c h e m i s t r y
T h e  p r e s e n c e  of the  T c e l l  m e m b r a n e  a n t ig e n  T h y  1 w as  
looked  f o r  on  th e  s u r f a c e  of d i f f e r e n t  c e l l  p o p u la t io n s .  B oth  
d i r e c t  and th e  i n d i r e c t  ' s a n d w ic h '  te c h n iq u e  w ith  sp e c if ic  a n t i  s e r u m  
w as  u s e d .  B o th  t h e s e  m e th o d s  invo lv ed  u s in g  the  e n zy m e  
h o r s e - r a d i s h  p e r o x id a s e  (H R PO , S igm a) co u p le d  to  an t ib o d y  to 
d e te c t  the a n t ig e n ,
(a) T h e  d i r e c t  te c h n iq u e
T h e  IgG f r a c t i o n  of 1 m l  of m o u s e  a n t i - T h y  1 s e r u m  (AKR 
a n t i -C ^ H )  , a k in d  g if t  of D r ,  G an i (S e a r le  R e s e a r c h  L a b o r a t o r i e s )  
w as  p u r i f i e d  and c o u p le d  to  h o r s e - r a d i s h  p e r o x id a s e  by th e  
fo llow ing  m e th o d : - 
1, 0 m l  s e r u m
D ia ly s e d  x  3 w ith  O.OIM  so d iu m  p h o s p h a te  (PO ^ ) b u f fe r  pH 6. 8
L o a d e d  onto a  D E A E  c e l lu lo s e  (S igm a) c o lu m n  e q u i l ib r a t e d  w ith  
th e  s a m e  b u f fe r
E lu te d  s e q u e n t ia l ly  w ith  0 .0 4 M  N aC l
0 .0 5 M  N aC l 
0. 075M N aC l 
0 , 15 M N aC l
T h i s  w a s  n e c e s s a r y  a s  no t enough p r o te in  c a m e  off a t  lo w e r  ion ic  
s t r e n g t h s ,  a s  th e  s a m p le  w a s  p ro b a b ly  c o n ta m in a te d  w ith  o th e r  
s e r u m  p r o t e i n s .
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A b s o r b a n c e  r e a d  a t  and  p r o t e i n  c o n c . m e a s u r e d10 rnm ^
D ia ly s e d  x 3 a g a in s t  0. 125M P O  b u f fe r  pH 6 .0  con ta in ing  
0. 15 M N aC l
C o n c e n t r a te d  on a  'M in ico n  B 125', m e m b r a n e  c u t  off a t  5 0 ,0 0 0  
d a l to n s
C e n t r i fu g e d  to  r e m o v e  p r e c i p i t a t e
2 80A b s o r b a n c e  r e a d  a t  E  , ^1 0 m m
2 ,2  m g  of 'IgG ' o b ta in e d  in  0 , 6  m l ,  added  0 ,2  m l  PO^ b u f fe r .  
T o ta l  v o lu m e  = 0 , 8  m l
T h e  IgG w a s  c o u p led  to the e n z y m e  by the  m e th o d  of T e r n y n c k  and 
A v r a m e a s  (1976 and  1977), T h e  0, 8 m l  of p r o t e i n  so lu t io n  w a s  
added  to  0 ,2  m l  of a s o lu t io n  of p -b e n z o q u in o n e  (S igm a) of c o n c ,
30 m g / m l  ( d i s s o lv e d  in  e th a n o l) .  T h e  r e a c t io n  m i x tu r e  w a s  
in c u b a te d  f o r  1 h a t  r o o m  t e m p e r a t u r e  on a s low  s t i r r e r  in  the  d a r k .  
T h i s  w a s  th e n  lo a d ed  onto  a S ep h a d e x  G , 25 (fine) c o lu m n  m a d e  up 
in  a 5 m l  d i s p o s a b le  s y r in g e  b a r r e l  in  s a l in e .  T he  p ink  c o lo u re d  
f r a c t i o n  w a s  c o l l e c t e d  and  3 m g  of the  en zy m e  H R P O  w as  ad d e d .
T h e  e n z y m e  w a s  p r e - d i a l y s e d  a g a in s t  s a l in e  to  r e m o v e  c o n ta m in a t in g  
s a l t s ,  A 1 / lO th  of th e  f in a l  v o lu m e  of. IM  N a^C O ^ b u f fe r  pH 9 . 0  w as  
added  and in c u b a te d  f o r  15-24 h in  th e  d a r k  a t  r o o m  t e m p e r a t u r e .
T h e  r e a c t io n  w a s  s to p p ed  by a d d in g  th e  new  f in a l  v o lu m e  of IM  
ly s in e  an d  in c u b a t in g  in  the  d a r k  f o r  2 -3  h .  T h e  ly s in e  so lu tio n  
w as  m a d e  by d i s s o lv in g  ly s in e  h y d r o c h lo r id e  (BDH) in  d i s t i l l e d  
H^O and  a d ju s t in g  to pH 7 . 5 by  th e  a d d i t io n  of IM  N aO H , 10 m g / m l  
of bov ine  s e r u m  a lb u m in  (BSA, BDH) w a s  added  to  h e lp  p r e s e r v e
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the  p r e p a r a t i o n ,  th e n  d ia ly s e d  a g a in s t  P B S , a l iq u o te d  and  s to r e d  
a t  - 2 0 ° C .
T he  r e a g e n t  p r e p a r e d  by th i s  m e th o d  w a s  u s e d  to  d e t e c t  T h y  1 
on  c y to c e n t r i f u g r e  p r e p a r a t i o n s  of c e l l s .  C e l l s  w e r e  spun  on a 
c y t o c e n t r i f u g r e  w ith o u t the  p r e s e n c e  of s e r u m  and f ix ed  in  m e th a n o l  
c o n ta in in g  0 .2%  c o n c .  h y d r o c h lo r i c  a c id  (HCl) to  b lo c k  en d o g en o u s  
p e r o x id a s e  a c t iv i t y .  H R P O  c o n ju g a te d  a n t i - T h y  1 a n t i  s e r u m  
w as  a p p l ie d  to  the  s l id e  f o r  30 m in  a t  a   ^/ g d i lu t io n .  T h e  s l id e s  
w e r e  w a s h e d  in  t r i  s ( h y d r o x y m e th y lm e th y la m in e , S igm a) b u f fe re d  
sa l in e  (TBS) f o r  30 m i n  and a  0 .0 5  % s o lu t io n  of d ia m in o b e n z id i in e  
(DAB, S igm a) w a s  a p p l ie d  to  th e  s l id e s  f o r  5 m in ,  w a sh e d  in  
ru n n in g  H^O f o r  10 m in  and f in a l ly  s ta in e d  in  M a y e r ' s  h a e m a lu m  
fo r  1 m in  and  m o u n te d  in  s ty r e n e .
(b) T h e  in d i r e c t  m e th o d
C y to c e n t r i f u g e  p r e p a r a t i o n s  w e r e  m a d e  a s  d e s c r i b e d  a b o v e ,  
f ix ed  in  a c i f ie d  m e th a n o l  and t r e a t e d  w ith  a  d i lu t io n  of th e
a n t i - T h y  1 a n t i  s e r u m  f o r  30 m in .  T h e  s l id e s  w e r e  w a s h e d  w ith  
TBS f o r  30 m in ,  th e n  t r e a t e d  s e q u e n t ia l ly  w ith  r a b b i t  a n t i - m o u s e  
Ig  (1 /1 0 0  d i lu t io n ) ,  goa t a n t i - r a b b i t  Xg (1 /2 0  d ilu tion) and f in a l ly  
th e  p e r o x i d a s e - a n t i - p e r o x i d a s e  c o m p le x  (1 /4 0  d i lu t io n ) .  T h e s e  
r e a g e n t s  w e r e  su p p lie d  by D ako  L a b o r a t o r i e s ,  E a c h  a n t i s e r u m  
w as  ap p l ied  f o r  30 m in  w ith  30 m in  w a s h e s  in  T B S in b e tw e e n .
S l id e s  w e r e  th e n  s ta in e d  w ith  DAB and M a y e r ' s  h a e m a lu m  a s  b e fo re ,
51
P A P
COMPLEX goat  ant i—rabbit Ig
rabbi t it  a n t i - m o u s e  Ig
THY H {+) 
CELL
100
a n t i - T h y  1 %
2 . M ^ q g e n js U m i^ ^ ^ n
L y m p h o id  c e l l s  f r o m  ly m p h  node , th y m u s ,  s p le e n  and bone  
m a r r o w  w e r e  c u l tu r e d  in  p l a s t i c  m i c r o c u l t u r e  t r a y s  (N unc). S in g le  
c e l l  s u s p e n s io n s  w e r e  m a d e  by  te a s in g  a p a r t  the  o r g a n s  in  co ld  
R P M I-H e p e s  m e d iu m .  B one m a r r o w  c e l l s  w e r e  o b ta in e d  by 
f lu sh in g  out th e  f e m o r a l  m a r r o w  c a v i ty  w ith  a s y r in g e  c o n ta in in g  
m e d iu m .  T h e  p lu g  of m a r r o w  o b ta in e d  w a s  a s p i r a t e d  s e v e r a l  
t i m e s  in  a p a s t e u r  p ip p e t te  and  a  s in g le  c e l l  s u s p e n s io n  w a s  ob ta ined . 
T he  c e l l  s u s p e n s io n  w a s  w a s h e d  x 3 in  co ld  R P M I -H e p e s  in  10 m l  
d is p o s a b le  p l a s t i c  t u b e s .  A f te r  c e n t r i fu g in g  and r e  su spend ing ,  th e  
tu b e s  w e r e  a l lo w e d  to s ta n d  on ic e  f o r  a few  m in u te s  to  a l lo w  the  
s t r o m a l  d e b r i s  to  s e d im e n t .  T h e  s u p e r n a ta n t  c o n ta in in g  th e  c e l l s  
w as  c o l l e c t e d .  B one m a r r o w  n u c le a te d  c e l l s  w e r e  p u r i f i e d  f r o m  
c o n ta m in a t in g  e r y t h r o c y t e s  by  t r e a t i n g  c e n t r i f u g e d  p e l le t t e d  c e l l s  
to o s m o t ic  sh o ck  by  add ing  a  few  d ro p s  of s t e r i l e  d i s t i l l e d  H ^O ,
T he  tu b e s  w e r e  im m e d i a t e l y  f i l le d  w ith  m e d iu m  to r e s t o r e  the  
i s o to n ic i ty  and a l lo w ed  to  s tan d  fo r  a  few  m in u te s  on i c e .  T he
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ly s e d  e r y th r o c y te  d e b r i s  s e d im e n te d  and th e  s u p e r n a ta n t  c o n ta in in g  
the r e  s u s p e n d e d  c e l l s  w e r e  c e n t r i fu g e d  and  w a s h e d .  T h e  v ia b i l i ty  
of the  c e l l s  w as  d e t e r m in e d  by a  t r y p a n  b lu e  dye e x c lu s io n  t e s t  and 
the  c e l l s  w e r e  r e s u s p e n d e d  to the  r e q u i r e d  c o n c e n t r a t i o n  in  R P M I 
164 0 m e d iu m  b u f fe re d  w ith  N aH CO^ and s u p p le m e n te d  w ith  H IF C S , 
g lu tam in e  and p e n i c i l l i n / s t r e p t o m y c i n .  T h e s e  a d d i t iv e s  w e r e  u s e d  
a t  the  s a m e  c o n c e n t r a t i o n s  a s  d e s c r ib e d  p r e v io u s l y .  In  so m e  
c u l t u r e s ,  th e  m e d iu m  w a s  a d d i t io n a l ly  b u f fe re d  w ith  H e p e s .  0. 1 m l  
of the  c e l l  s u s p e n s io n  w a s  added  to r e p l i c a t e  w e l l s  and  0. 1 m l  of the  
m i to g e n  PHA (W ellco m e)  w a s  added  to the  w e l l s .  T he  f in a l  c o n c .  
of the  c e l l  s u s p e n s io n s  o r  m i to g e n  u se d  d ep en d e d  on th e  e x p e r i m e n t s  
c a r r i e d  o u t .  T h e  t r a y s  w e r e  in c u b a te d  a t  37°C u n d e r  a h u m id if ie d  
a tm o s p h e r e  of 95% a i r / 5% CO^ fo r  a to ta l  of 72 h .  At 60 h, 0. 2 ytiC i 
of ^ ^ ^ lo d o -d e o x y u r id in e  (^^^ lU dR , R a d io c h e m ic a l  C e n t r e ,  A m e r  sham ) 
in a  v o lu m e  of 2 0 ^ 1  w as  ad d ed  to e ac h  w e l l .  C e l l s  w e r e  h a r v e s t e d  
a t  72 h , w ith  an  a u to m a te d  ’T i t e r t e k '  c e l l  h a r v e s t e r  (F low ),  th e  
w a s h e d  c e l l s  be ing  d e p o s i te d  on n y lo n - f ib re  d i s c s .  T h e s e  w e r e  
d r ie d  at 60°C f o r  1 h ,  th e n  p la c e d  in to  p la s t i c  v ia l s  and p r o c e s s e d  
th ro u g h  an  a u to m a t ic  ' I n t e r t e c h n iq u e ' g a m m a  c o u n te r .  T h e  
r a d io a c t iv i ty  w as  m e a s u r e d  a s  c o u n t s / m i n  and r e c o r d e d  on a 
t e l e - ty p e  o u tp u t .
3. S e n s i t iv i ty  to  t e s t o s t e r o n e
A s to ck  so lu tio n  of t e s t o s t e r o n e  a c e ta t e  (S igm a) w as  m a d e  up 
by d i s s o lv in g  10 m g  of the  h o rm o n e  d e r iv a t iv e  in  1 m l  of 70% e th an o l  
and s to r e d  a t  4 ° C . 25>w.l of the  s to ck  s o lu t io n  w a s  added  to 5 m l
of a th y m o c y te  c e l l  s u s p e n s io n  of co n c .  2 x  1 0 ^ /m l ,  m ix e d  and 
in c u b a te d  f o r  10 m in  a t  37°C . 0 .5  m l  of a 0 .5%  t r y p a n  blue
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so lu t io n  in  s a l in e  w as  a d d ed  and  2 m in  l a t e r ,  the  n u m b e r  of 
v ia b le  c e l l s  w a s  co u n ted  on an  Im p ro v e d  N e u b a u e r  h a e m o c y t o m e t e r . 
At l e a s t  a  1000 c e l l s  w e r e  c o u n ted  and the  % v ia b i l i ty  d e t e r m in e d .
T o  t e s t  th e  e f fe c t  of th e  a lc o h o l ,  u s e d  h e r e  a s  a so lv e n t ,  2 0 ^ 1  of 
70% a lc o h o l  w a s  added  to  2 m l  of a th y m o c y te  s u s p e n s io n  ( 5 x 1 0 ^ /m l )  
to  g ive  a  f in a l  c o n c .  of 0 .7 %  a lc o h o l .
D . F r a c t i o n a t i o n  of b one  m a r r o w  c e l l s  on s u c r o s e  d e n s i ty  g r a d ie n t s
L i n e a r  s u c r o s e  d e n s i ty  g r a d i e n t s  w e r e  o b ta in e d  by m ix in g  (A Hi £>
so lu t io n s  of 15%^and 5% s u c r o s e  (BDH) m a d e  up in  P B S , in  a g r a d ie n t  
m a k e r  c o n s t r u c t e d  a s  ( s e e  d i a g r a m ) : -
T h e  c h a m b e r s  of the  g r a d ie n t  m a k e r  c o m p r i s e d  of two 5 m l  
d is p o s a b le  s y r in g e  b a r r e l s  (A) and (B ) , i n t e r c o n n e c t e d  by  a le n g th  
of s i l i c o n e  r u b b e r  tub ing  (E ), c la m p e d  in  the  m id d le .  T h e  c h a m b e r s  
w e re  s e a le d  w ith  s i l ic o n e  r u b b e r  b u n g s ,  b o re d  to a c c o m m o d a te  a 
s y r in g e  n e e d le  (D) in  (A) and  a n a r r o w  s t a i n l e s s  s te e l  tu b e  (E) in  
(B ) . B o th  b a r r e l s  w e re  c l ip p e d  to  a w ooden s u p p o r t  w h ich  w as  
c la m p e d  to a  r e t o r t - s t a n d .  (B) c o n ta in e d  a m a g n e t ic  f l e a  (F) and 
a s t i r r e r  w as  p o s i t io n e d  be low  i t .  A 20 m l  p la s t i c  round  b o t to m  
tube  (C) w ith  a l o o s e - f i t t i n g  m e t a l  cap  (K) w as  s u p p o r te d  on an  
a d ju s ta b le  l a b - j a c k  (L) b e lo w  the  le v e l  of the  g r a d ie n t  m a k e r ' s  
c h a m b e r s .  T h e  m e ta l  c a p  w as  b o re d  th ro u g h  th e  c e n t r e  to 
a c c o m m o d a te  a  t i g h t - f i t t i n g  c y l in d r i c a l  m e t a l  tube  w ith  a s i d e - a r m  
(M ). A n a r r o w e r ,  lo o s e - f i t t i n g  tube  (N) w as  f i t te d  th ro u g h  th i s ,  
w h ich  r e a c h e d  the b o t to m  of th e  p la s t i c  tube (G).
7 . 5 m l  of 5% s u c r o s e  w a s  p u t  in to  b a r r e l  (B) and  the  s a m e  
am o u n t  of 15% s u c r o s e  in to  (A). T h e  bungs  w e r e  r e p la c e d  and a 
s i l ic o n e  r u b b e r  tube  (G) w a s  c o n n e c te d  b e tw e e n  the  to p s  of tu b e s
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(E) and (N). T h e  c la m p  b e tw e e n  (A) and (B) w a s  r e m o v e d  and 
a s m a l l  a m o u n t  of p r e s s u r e  w a s  in t ro d u c e d  in to  (A) by f i t t in g  a  
s e p a r a t e  e m p ty  s y r in g e  onto  n e e d le  (D) and s q u i r t in g  gen t ly  to 
p r i m e  the flow . T h e  m a g n e t ic  s t i r r e r  w as  s t a r t e d  and th e  f i r s t  
few  d r o p s  r e a c h in g  (C) w e r e  p u r e  5% s u c r o s e .  T h e  l a b - j a c k  
w as  a d ju s te d  to  m a in ta in  a  c o n s ta n t  d i f f e r e n c e  in  h e ig h t  b e tw e e n  
the f lu id  l e v e l s  in th e  c h a m b e r s  and  in  (C), so  th a t  a  c o n s ta n t  
1 m l / m i n  w a s  d e l i v e r e d  in  (C). T he  lo w e r  d e n s i ty  s u c r o s e  w as  
d i s p la c e d  u p w a rd s  in  (C) by th e  p r o g r e s s i v e l y  d e n s e r  so lu tio n .
T he  tube  (G) w a s  c la m p e d  b e f o r e  a l l  the  flu id  in  (B) w a s  d r a in e d ,  
in  o r d e r  to avo id  a i r  b u b b le s .  T h e  cap  (K) p lu s  a t t a c h m e n t s  w as  
c a r e f u l ly  r e m o v e d  to avo id  d i s tu r b in g  the  g r a d ie n t .
1 m l  of the  c e l l  s u s p e n s io n  w a s  l a y e r e d  on top of the  g r a d ie n t  
and the tu b e  (C) w a s  c e n t r i f u g e d  a t  100 G fo r  5 m i n u t e s . T h e  
c ap  (K) and i t s  a t t a c h m e n ts  w e r e  r e p la c e d  and  a  20 m l  s y r in g e  (O) 
c o n ta in in g  20% s u c r o s e ,  dyed  w ith  to lu id in e  b lue  w a s  a t ta c h e d  to 
the  tube  (G), f r o m  w h ich  th e  c l ip  w as  r e m o v e d  and the d e n s e r  
s u c r o s e  d i s p la c e d  the  g ra d ie n t  u p w a rd s  and out of the s i d e - a r m  
on (M). T h e  s y r in g e  (O) c o n ta in in g  the  r e s e r v o i r  of d e n s e r  
s u c r o s e  w a s  p o s i t io n e d  so a s  to  d i s p la c e  the  g r a d ie n t  a t  a r a t e  of 
a p p ro x .  1 m l / m i n ,  the  f r a c t io n s  be ing  c o l le c te d  in  1 m l  a l iq u o ts  
in to  5 m l  p la s t i c  tu b e s .  T h e  f r a c t i o n s  w e r e  w a s h e d  x  3 in  co ld  
R P M I-H e p e s  c o n ta in in g  s e r u m  and the  c e l l s  w e r e  e i t h e r  c u l tu r e d  
o r  e x a m in e d  m o r p h o lo g ic a l ly  to d e t e r m in e  the  d i s t r i b u t io n  of the 
n u c le a te d  c e l l s  in  the  v a r io u s  f r a c t i o n s .
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E .  C y to k in e t ic s  of th y m o c y te s
1, T lœ _ti^ inus__anc^^en_durii]^_pre^nanc^
(a) T im e  s tudy
GBA m ic e  w e r e  se t  up in  m a t in g  c o lo n ie s  of 3 f e m a le s  to  1 m a le  
a s  d e s c r ib e d  p r e v io u s l y .  T h e  a n im a l s  w e r e  8 -10  w e e k s  of age  and  
the  m a l e s  and  f e m a l e s  of e a c h  co lo n y  w e r e  l i t t e r - m a t e s .  A t 5, 10,
15 and 20 d a y s  of g e s ta t io n ,  th e y  w e re  s a c r i f i c e d  by  e t h e r  a s p h y x ia  
and t h e i r  th y m u s e s  and  s p le e n s  r e m o v e d  and w e ig h e d .  One th y m ic  
lo b e  w a s  p r o c e s s e d  f o r  h is to lo g y  and  the o th e r  w a s  t e a s e d  a p a r t  in  
co ld  PB S  and a  s in g le  c e l l  s u s p e n s io n  m a d e  by  h o m o g e n is in g  the  
t i s s u e ,  40y*l of th e  c e l l  s u s p e n s io n  w as  d i lu te d  in  20 m l  of I s o to n  
so lu t io n  and the  c e l l u l a r i t y  of the  o rg a n  d e t e r m in e d  by r e p l i c a t e  c e l l  
co u n ts  of the  s u s p e n s io n  in  a 'C o u l t e r '  c o u n te r .
59(b) F e  u p ta k e  d u r in g  p re g n a n c y
A s e p a r a t e  b a tc h  of f e m a le  CBA m ic e  w e r e  m a te d  a s  d e s c r ib e d
59 59ab o v e .  On day  14 of g e s ta t io n ,  l^ t tC i of f e r r i c  c h lo r id e  ( F e C l^ ,  
R a d io c h e m ic a l  C e n t r e ,  A m e r s h a m )  w as  in je c te d  i / v  th ro u g h  a t a i l  
ve in ; 24 h l a t e r  the  m i c e  w e r e  k i l l e d ,  the s p le e n s  and f e m u r s  
r e m o v e d  and th e  r a d io a c t iv i ty  m e a s u r e d  in  a g a m m a  c o u n te r .
2. M ito t ic  a r r e s t  W  v i n c r i s t i n e
F e m a l e  n o n - p r e g n a n t  CDI m ic e  ( C h a r le s  R iv e r )  w e ig h in g  a p p ro x .  
25 , ,g w e r e  in je c te d  i / v  w ith  v in c r i s t i n e  s u lp h a te  (E l i - L i l ly )  a t  
d o s e s  of 1-5 m g /K g  body  w e ig h t .  T he  d ru g  i s  p r e p a r e d  f r o m  an  
a lk a lo id  and i s  a s ta th m o k in e t ic  a g e n t .  I t  in h ib i t s  sp in d le  
f o r m a t io n  d u r in g  m i t o s i s  and  th u s  e n a b le s  d e te c t io n  of d iv id ing  c e l l s  
by th e  c lu m p e d  a p p e a r a n c e  of t h e i r  c h r o m a t in .  2 h l a t e r ,  the
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a n im a l s  w e r e  k i l l e d  and the th y m u s e s  r e m o v e d  and p r o c e s s e d  
fo r  h is to lo g y .  T h e y  w e re  b i s e c t e d  down the  m id d le  of the  
lo n g i tu d in a l  a x i s  and b lo c k e d  w ith  th e  c u t  s u r f a c e  e x p o s e d .  T h i s  
en ab led  a t r u e  c r o s s - s e c t i o n  to  be  e x a m in e d  and th e  d i s t r i b u t io n  
of m e ta p h a s e  n u c le i  a c r o s s  th e  t i s s u e  to be d e t e r m in e d .  T he  
s e c t io n s  w e r e  v iew ed  u n d e r  an  X I 00 o il  i m m e r s i o n  le n s  of a 
L e i tz  m i c r o s c o p e .  T h e  n u m b e r  of m e ta p h a s e s  in  a d ja c e n t  
p a r a l l e l  f i e ld s  o r  a r e a s  of a  g r id ,  a c r o s s  the s e c t io n  w as  c o u n ted
C H A P T E R  1
T h y m u s  m o n o la y e r  c u l tu r e s
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IN TR O D U C TIO N
It  i s  now r e c o g n i s e d  th a t  the  c e l lu l a r  d i f f e r e n t ia t io n  e v e n ts  
w ith in  the  th y m u s  invo lve  the  c o m p le x  i n t e r a c t i o n  of s e v e r a l  d i s t i n c t  
p o p u la t io n s  of c e l l s ,  w h ich  r e s u l t  in  th e  g e n e r a t io n  of s u b s e t s  of T 
ly m p h o c y te s  ( r e v ie w e d  by C a n to r  and W e i s s m a n ,  1976). Of 
fu n d a m e n ta l  im p o r ta n c e  to th i s  p r o c e s s  i s  the  r o l e  of the th y m ic  
n o n - ly m p h o id  c e l l s ,  in  p a r t i c u l a r  the  r e t i c u lo e p i th e l i a l  and s t r o m a l  
e l e m e n t s .  T h e  v e s t ig ia l  th y m ic  r u d im e n t  of the  nude  m o u s e  h a s  a 
c o n g e n i ta l  d y s fu n c t io n  of th e s e  c e l l s ,  w h ich  f a i l s  to  su p p o r t  
ly m p h o p o ie s is  (W o r t i s  e t  a l ,  1971b and O wen et a l ,  197 5). T h e  
h u m o r a l  s e c r e t i o n s  of th e  th y m u s  and th e i r  in d u c t iv e  e f f e c t s  h ave  
b e e n  e x te n s iv e ly  in v e s t ig a te d  ( re v ie w e d  by  B a c h  and  C a r n a u d ,  197 6).
A p r i m a r y  i n t e r a c t i o n  b e tw e e n  p r e - T  c e l l s  and the  r e t i c u lo e p i th e l i a l  
c e l l s ,  o r  a t  l e a s t  a h u m o r a l  e f fe c t  e x e r t e d  by th e i r  s e c r e t io n s  w ith in  
the  th y m ic  e n v i ro n m e n t  is  an  o b l ig a to ry  p r e - r e q u i s i t e  in  ly m p h o p o ie s is
S e v e r a l  i n v e s t i g a t o r s  h a v e  a p p ro a c h e d  the  p r o b l e m  of th y m ic  
ly m p h o p o ie s is  by in v e s t ig a t in g  th e  e f fe c t  of c o - c u l t u r e  w ith  m o n o l a y e r s  
of th y m ic  e p i th e l iu m  on p u r i f i e d  h a e m o p o ie t ic  c e l l s ,  o r  in c u b a t io n  in  
c o n d i t io n e d  m e d iu m  f r o m  su ch  c u l t u r e s .  T h e  l i t e r a t u r e  on the  
s u b je c t  i s  a s  c o n fu s in g  a s  i s  d i v e r s e ,  and i s  f u r t h e r  c o m p l ic a te d  
by the  la c k  of s t a n d a r d i s e d  a s s a y s  to  a s s e s s  ly m p h o id  d i f f e r e n t ia t io n .  
E p i th e l ia l  m o n o l a y e r s  h a v e  b e e n  d e r iv e d  f r o m  the  th y m ic  t i s s u e  of 
m i c e ,  r a t s ,  m a n  and m o n k e y ; s p e c ie s  d i f f e r e n c e s  do no t s e e m  to 
l i m i t  t h e i r  in d u c t iv e  e f f e c t s  on x e n o g e n e ic  t a r g e t  c e l l s .  Such t a r g e t  
c e l l s  h av e  in c lu d e d  s p le e n  c e l l s  f ro m  a th y m ic  and  th y m u s - d e p r iv e d
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m i c e  , th y m o c y te s  and  b one  m a r r o w  c e l l s .  D i f f e r e n t ia t io n  w a s  
a s s e s s e d  by the  p r o l i f e r a t i v e  r e s p o n s e  to  p h y to m ito g e n s ,  r e s p o n s e  
in  the  M L C , h e l p e r  a c t iv i ty  and  the  E - r o s e t t e  a s s a y  o r  i t s  s e n s i t i v i ty  
to a z a th io p r i n e .  T h e s e  p r o p e r t i e s ,  c h a r a c t e r i s t i c  of m a t u r e  T 
ly m p h o c y te s  h ave  b een  in d u c e d  w ith  v a ry in g  d e g r e e s  of s u c c e s s .
In  m o s t  of th e s e  i n v e s t ig a t io n s ,  th y m ic  e p i th e l iu m  w a s  p r e p a r e d  by  
e x p la n t in g  s m a l l  f r a g m e n t s  of in t a c t  o r  d i s s o c ia te d  th y m ic  t i s s u e  
in to  c u l tu r e  f l a s k s  and  s u b se q u e n t ly  c u l tu r in g  the  a d h e r e n t  c e l l s .  
E p i th e l i a l  c e l l s  w e r e  b e l ie v e d  to g row  out f r o m  th e  s i t e s  of 
a d h e r e n c e ,  w h i ls t  ly m p h o c y t ic  c e l l s  w e re  lo s t  w ith  m e d iu m  c h a n g e s .  
A lthough  it  w a s  t a c i t l y  a s s u m e d  by m o s t  i n v e s t ig a t o r s  th a t  th e  
c u l tu r e d  c e l l s  w e r e  e p i th e l i a l ,  the  p r e s e n c e  of ju n c t io n a l  c o m p le x e s  
o r  o th e r  e p i th e l i a l  c e l l  c r i t e r i a  w e r e  not d e m o n s t r a t e d  by m o s t .
D u r in g  the  c o u r s e  of th i s  s tudy ,  e v id e n c e  f r o m  o th e r  l a b o r a t o r i e s  
d e m o n s t r a t e d  th a t  the m a j o r i t y  of c u l tu r e d  c e l l s  though t to be m u r i n e  
th y m ic  e p i th e l iu m  w e r e  in  f a c t  m a c r o p h a g e s .  M o rp h o lo g ic a l  and 
fu n c t io n a l  e v id e n c e  in  s u p p o r t  of th i s  c o n te n t io n  h a s  b e e n  show n.
In  a d d i t io n ,  the  h i s t o c h e m i s t r y  and r a d io  s e n s i t i v i ty  of th e s e  c u l tu r e d  
c e l l s  w e r e  found to  be c h a r a c t e r i s t i c  of m a c r o p h a g e s  r a t h e r  th a n  
e p i th e l iu m  ( J o r d a n  e t a l , 1979a; J o r d a n  and C r o u s e ,  1979a) and 
J . G .  S h a rp ,  p e r s o n a l  c o m m u n ic a t io n ) .  A s i m i l a r  bu t b r i e f  
in v e s t ig a t io n  to  c h a r a c t e r i s e  the  c e l l s  c u l tu r e d  in  th i s  s tudy  w a s  
u n d e r ta k e n .  F o l lo w in g  a d m i n i s t r a t i o n  of the  cy to to x ic  d ru g  m u s t ! ne 
h y d r o c h lo r id e  (n i t r o g e n  m u s t a r d ,  HN^) m  v ivo , t h e r e  i s  an 
a s y n c h ro n o u s  r e s t o r a t i o n  of m a r r o w  c e l l u l a r i t y ,  th u s  le a d in g  to 
a r e l a t iv e  e n r i c h m e n t  of th e  h a e m o p o ie t ic  s te m  c e l l  c o m p a r tm e n t  
b e tw e e n  2-4  d a y s  p o s t - t r e a t m e n t  (S h a rp  and  T h o m a s ,  1971 and 
R ic h e s  e t  a l ,  1976). T h e  e x p r e s s io n  of the T h y  1 d i f f e r e n t ia t io n
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a n t ig e n  on h a e m o p o ie t ic  c e l l s  f r o m  n o r m a l  and  t r e a t e d  m ic e
a f t e r  c o - c u l t u r e  w ith  th y m ic  m o n o l a y e r s  w as  in v e s t ig a t e d .  T h e  
ly m p h o ly t ic  e f fe c t  of a d r e n a l  c o r t i c o s t e r o i d s  a r e  w e l l  r e c o g n i s e d  
and th e i r  e f fe c t  i s  m o s t  s ig n if ic a n t  on  the  th y m u s .  L o s s  of 
s e n s i t iv i ty  to  c o r t i s o n e  i s  k n o w n  to a c c o m p a n y  th y m o c y te  m a t u r a t i o n  
in  v iv o .  G o n a d e c to m y  in r o d e n ts  i s  know n to  r e s u l t  in  an  i n c r e a s e  
in  w e ig h t of the  ly m p h o id  o r g a n s ,  in c lu d in g  th e  th y m u s  ( C a s t r o ,  1974). 
I t  i s  no t know n w h e th e r  s e x - s t e r o i d s  p r i m a r i l y  a f fe c t  im m a t u r e  
th y m o c y te s  a s  c o r t i s o n e  d o e s .  In  th i s  s tudy ,  th e  e f fe c t  of 
t e s t o s t e r o n e  on th y m o c y te s  in  v i t r o  w as  in v e s t ig a te d  a f t e r  c o - c u l t u r e  
w ith  th y m u s  m o n o l a y e r s  and  in c u b a t io n  w ith  t h e i r  s u p e r n a t a n t s .
T h e  p o ly c lo n a l  r e a c t iv i t y  to p h y to m ito g e n s  i s  k n o w n  to  be a 
c h a r a c t e r i s t i c  of m a t u r e  th y m o c y te s .  T h e  p o s s i b le  in d u c t iv e  e f f e c t  
of th y m ic  m o n o la y e r  c e l l s  and t h e i r  s u p e r n a ta n t s  on th e  PHA  
r e s p o n s i v e n e s s  of th y m o c y te s  w as  in v e s t ig a t e d .
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R E S U L T S
G ro w th  and M o rp h o lo g y
E x p la n ts  of th y m ic  t i s s u e  w e r e  m a in ta in e d  in  c u l tu r e  f l a s k s  
a s  d e s c r ib e d  in  the  M eth o d o lo g y .  R a d ia l  o u tg ro w th s  of n o n - ly m p h o id  
c e l l s  f r o m  the  e x p la n ts  w e re  s e e n  a f t e r  24 h o u r s  of c u l tu r e ,  w h ich  
a d h e re d  to  th e  s u b s t r a t e .  T h e  n o n - a d h e r e n t  th y m o c y te s  in  the  
e x p la n ts  w e r e  l o s t  w ith  s u c c e s s iv e  m e d iu m  c h a n g e s  by th e  f i r s t  
w eek  of c u l t u r e .  T h e  s t r o m a l  c e l l s  r e a c h e d  c o n f lu e n c e  in  a p p r o x ,
1 m o n th  in  n e a r l y  a l l  c a s e s .  M o rp h o lo g ic a l ly ,  the  c u l tu r e d  c e l l s  
cou ld  be b r o a d ly  d iv id ed  in to  t h r e e  ty p e s : -
(1) S m a l l ,  ro u n d  c e l l s  w ith  r e t r a c t i l e  n u c le i ,  w h ich  had  th e  a p p e a r a n c e  
of f r i e d  e g g s ,  th e s e  w e r e  ab u n d a n t  in  th e  e a r l y  s ta g e s  of c u l t u r e ,
(2) S m a l l ,  d e n d r i t i c  c e l l s  w ith  s h o r t  c y to p la s m ic  p r o c e s s e s  th a t  
r e s e m b l e d  f ib r o b l a s t s .
(3) P o ly g o n a l  c e l l s  of v a r i a b l e  s iz e  w ith  o v a l ,  e c c e n t r i c  n u c le i  w h ich  
w e r e  s o m e t im e s  b in u c le a t e .  In c u l tu r e ,  t h e i r  c y to p la s m  w as  
f la t te n e d ,  s p r e a d  o v e r  a  l a r g e  a r e a ,  c o n ta in e d  v a c u o le s  and w as  
o ften  g r a n u la te d .  T h e y  w e r e  o f ten  s e e n  to be jo in e d  by c y to p la s m ic  
b r id g e s .  L a t e r  c u l t u r e s  w e r e  c o m p o se d  of p r e d o m in a n t ly  l a r g e ,  
s p r e a d  c e l l s  w ith  e x te n d e d  c y to p la s m ic  p r o c e s s e s ,  th e  s m a l l  
f i b r o b l a s t - l i k e  c e l l s  w e r e  v e r y  few  in  n u m b e r  th ro u g h o u t  th e  c u l t u r e .  
T he  t h r e e  m a in  ty p e s  of c e l l s  a t  r a n d o m ly  c h o s e n  lo c a t io n s  in  
c u l tu r e  f l a s k s  w e r e  s c o r e d  a t  i n t e r v a l s  of 4 d a y s  up to  3 w e e k s  of 
c u l tu r e .  T h e  n u m b e r  of s m a l l ,  round  c e l l s  d e c r e a s e d  a f t e r  a p p ro x .
2 w e e k s ,  w h e r e a s  the  p o ly g o n a l  c e l l s  b e c a m e  m o r e  n u m e ro u s  
th ro u g h o u t  th e  c u l tu r e  p e r io d  t i l l  co n f lu e n c e  w as  r e a c h e d  (P ig .  1).
61
( l)  G ro w th  r a t e  of c e l l s  in  m o n o la y e r  c u l t u r e s
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#  P o ly g o n a l  c e l l s
S m a l l ,  ro u n d  c e l l s
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D ay s  of c u l tu r e
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T h is  s u g g e s te d  th a t  th e  c e l l s  cou ld  m o r p h o lo g ic a l ly  t r a n s f o r m  
d u r in g  c u l tu r e  f r o m  th e  s m a l l ,  ro u n d  a p p e a r a n c e  to  th e  l a r g e r  
p o ly g o n a l  sh a p e ,  the  p o ly g o n a l  c e l l s  i n c r e a s e d  in  s iz e  by s p r e a d in g  
out on th e  s u b s t r a t e .
T h e  c e l l s  c h a r a c t e r i s t i c  of a n  e a r l y  c u l tu r e  a r e  s e e n  in  P l a t e  
(1) w h ich  w as  o b ta in e d  f r o m  a  1 w eek  old c u l t u r e .  T h e  c u l tu r e d  
c e l l s  w e r e  o f te n  b in u c le a te d  w ith  p r o m in e n t ,  s o m e t im e s  m u l t ip le ,  
n u c le o l i .  P l a t e  (2) w as  o b ta in e d  f r o m  a 1 m o n th  old c u l tu r e  and  
i s  s e e n  to  be c o m p r i s e d  of e s s e n t i a l l y  l a r g e ,  p o ly g o n a l c e l l s .
F o r  c o m p a r i s o n ,  a  p h o to m ic r o g r a p h  of h u m a n  f o e ta l  th y m u s  
s i m i l a r l y  c u l tu r e d ,  i s  in c lu d e d  ( P la t e  3). T h e  m o rp h o lo g y  of th e  
c u l tu r e d  c e l l s  f r o m  bo th  s p e c ie s  is  s i m i l a r .  In  th e  o ld e r  c u l t u r e s ,  
the  c e l l s  did no t a p p e a r  to e x h ib i t  c o n ta c t  in h ib i t io n  a s  th e y  
f r e q u e n t ly  g re w  o v e r  and  u n d e r  a d j a c e n t  c e l l s .  T h e y  w e re  
o c c a s io n a l ly  s e e n  to p i le  up on e ac h  o th e r  to f o r m  a r i d g e - l i k e  
s t r u c t u r e ,  s u r ro u n d in g  a  l a r g e  c l e a r  sp a c e  o r  " v a c u o le ” in  the  
m o n o la y e r .  T h e s e  " v a c u o le s "  w e r e  o ccu p ied  by  a few c e l l s  g ro w in g  
a t a low d e n s i ty ,  u n l ik e  th e  r e m a i n d e r  of th e  co n f lu e n t  m o n o la y e r  
( P la te  4). A c y to c e n t r i f u g e  p r e p a r a t i o n  of c e l l s  t r y p s i n i s e d  f r o m  
a co n f lu e n t  m o n o la y e r  a p p ro x ,  1 m o n th  old i s  s e e n  in  P l a t e  (5). 
U n like  the m o r p h o lo g ic a l  h e t e r o g e n e i ty  s e e n  in  the  c u l t u r e s ,  the  
c e l l s  a p p e a r  u n i fo rm ;  t h e i r  o v a l ,  e c c e n t r i c  n u c le i  a p p e a r s  s i m i l a r  
to the  l a r g e  p o ly g o n a l  c e l l s  s e e n  in  c u l tu r e .  T h e i r  c y to p la s m  
a p p e a r s  fo a m y  and h ig h ly  v a c u o la te d .  In  th e s e  p r e p a r a t i o n s ,  the  
c e l l s  a lw a y s  a p p e a r e d  ju x ta p o s e d  to  eac h  o th e r ,  a s s u m in g  i r r e g u l a r  
s h a p e s  so a s  to f o r m  a  c o n t in u o u s  c a r p e t  of c e l l s .  D u r in g  the 
t r y p s in i s a t io n  p r o c e s s ,  th e  c y to p la s m  of the  l a r g e  p o ly g o n a l  c e l l s
P la t e  (1) M o u se  th y m u s ,  1 w eek  in  c u l tu r e .
J e n n e r  and G ie m s a  (J  and G) x  4 80
P l a t e  (2) M o u se  th y m u s ,  n e a r - c o n f l u e n t  a f t e r  1 m o n th  in  c u l tu r e  
J  and G x 4 80
P la t e  (3) H u m a n  fo e ta l  th y m u s ,  1 w e e k  in  c u l tu r e  
J  and G x  4 80
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w e r e  s e e n  to be p e e le d  b a c k  a t  t h e i r  e d g e s  f i r s t  and  b e c a m e  ru f f le d  
in  a p p e a r a n c e .  T h i s  o b s e r v a t io n  would be  c o n s i s t e n t  w ith  th e  no tio n  
of th e m  s h r in k in g  to the  s iz e  of th e  s m a l l e r  c e l l s  s e e n  in  the  
c ytoc e n t r i f u g e  p r e p a r a t i o n s .
P l a t e s  (6) and (7) a r e  e l e c t r o n m i c r o g r a p h s  of a t r y p s i n i s e d  
p e l le te d  c e l l .  T h e  c e l l  h a s  an  i r r e g u l a r  s u r f a c e ,  m i to c h o n d r i a  
a r e  s p a r s e  and t h e r e  i s  a  p r o m in e n t  golgi w ith  n u m e ro u s  v e s i c l e s .  
T he  n u c le u s  h a s  a d e n s e r  p e r i p h e r a l  h e t e r o c h r o m a t i n  and  u n l ik e  
the  s m o o th  o v a l  n u c le i  s e e n  in  c ytoc e n t r i fu g e  p r e p a r a t i o n s ,  a p p e a r s  
to be in d e n te d  and  b e a n - s h a p e d .  In  o r d e r  to e x a m in e  the  c e l l s  a s  
s e e n  in  c u l tu r e  a t  the u l t r a  s t r u c t u r a l  l e v e l ,  th e  m o n o l a y e r s  w e re  
f ixed  and  p a r t l y  p r o c e s s e d  in  s i t u . P l a t e  (8) is  a lo w e r  p o w e r  
p i c tu r e  of a c e l l  in  c u l tu r e  a lo n g s id e  the  c y to p la s m ic  p r o c e s s  of 
a n o th e r .  T h e  c e l l  i s  g r o s s l y  i r r e g u l a r  and  the  c y to p la s m  is  p o o r ly  
d e f in e d .  T h e r e  a r e  a l a r g e  n u m b e r  of v a c u o le s  and in t e n s e ly  
o sm io p h i l ic  s t r u c t u r e s ,  t y p ic a l  of the  c h a n g e s  s e e n  in  c e l l s  a f t e r  
so m e  d a y s  in  c u l t u r e .  T h e r e  a r e  few  m i to c h o n d r i a  and  f r e e  
r ib o s o m e s  a r e  ab u n d a n t ,  th e  c e l l  e x h ib i ts  no p o l a r i t y  of o r g a n i s a t io n .  
T h e  v a c u o le - l i k e  s t r u c t u r e s  cou ld  r e p r e s e n t  s e c o n d a r y  ly s o s o m e s .  
P l a t e  (9) i s  a h ig h e r  p o w e r  p i c t u r e  of a n o th e r  c e l l  f r o m  the  s a m e  
c u l t u r e .  T h e r e  i s  a  w e l l -d e f in e d  golgi c o m p le x ,  n u m e ro u s  
m i to c h o n d r i a ,  f r e e  r i b o s o m e s  and  p o s s ib ly  a  c e n t r i o l e .  T he  
p r o c e s s e s  of c e l l s  in  c u l tu r e  w e r e  o f ten  s e e n  a p p o s e d  to e a c h  o th e r  
and the  p o s s i b le  p r e s e n c e  of ju n c t io n a l  c o m p le x e s  w as  i n v e s t ig a t e d .  
P la t e  (10) show s 3 c e l l s  in  c l o s e  p r o x im i ty  to e a c h  o th e r .  A lthough  
an  e x te n s iv e  s e a r c h  w a s  n o t  c a r r i e d  out, n o th ing  r e s e m b l in g  
d e s m o s o m e s  wAg % e v e r  s e e n .  T h e  p r e s e n c e  of v e s i c l e s  w as  a
P l a t e  (4) " V a c u o le "  f o r m a t io n  in  m o n o la y e r  of 5 w e e k  old
c u l tu r e ,  s u r ro u n d e d  by r id g e  of m u l t i l a y e r e d  c e l l s ,  
J  and G x  4 80
P l a t e  (5) C y to s p in  p r e p a r a t i o n  of t r y p s in i s e d  c e l l s  f r o m  a 
co n f lu e n t  m o n o la y e r ,  1 m o n th  o ld .
J  and G x 1200

P la t e  (ô) E l e c t r o n m i c r o g r a p h  of t r y p s in i s e d  p e l le te d  c e l l .
A n i r r e g u l a r  s u r f a c e ,  s p a r s e  m i to c h o n d r i a  and 
p r o m in e n t  golgi w ith  v e s i c u l a r  c y to p la s m  a r e  ev iden t.  
T h e  b e a n - s h a p e d  n u c le u s  h a s  d e n s e r  p e r i p h e r a l  
h e t e r o c h r o m a t i n .
X 1100
P la t e  (7) H ig h e r  m a g n if ic a t io n  of ab o v e .  




P la t e  ( 8) A g r o s s l y  i r r e g u l a r  c e l l  in  c u l tu r e  s e e n  b e s id e  the 
c y to p la s m ic  p r o c e s s  of a n o th e r .  T h e  c y to p la s m ic  
o r g a n i s a t io n  i s  p o o r ly  d e f in e d .  F ix e d  and s ta in e d  
in  s i tu .
X  6 0 0 0
P l a t e  (9) H ig h e r  p o w e r  e l e c t r o n m i c r o g r a p h  of a n o th e r  a r e a  
of m o n o la y e r  f r o m  the  s a m e  c u l tu r e  a s  a b o v e .  
C y to p la s m ic  o r g a n e l l e s  a r e  c l e a r l y  d i s c e r n i b l e .
X  2 6 , 0 0 0
sexnmpi




p r o m in e n t  f e a t u r e  in  th e s e  c u l tu r e d  c e l l s .  P l a t e  (11) show s a 
c e l l  w ith  s a c - l i k e  s t r u c t u r e s  e x t ru d in g  m a t e r i a l  in to  l a r g e  
m e m b r a n e - b o u n d  v e s i c l e s .  T h e  lo w e r  v e s i c l e  i s  in  c l o s e  
a s s o c i a t i o n  w ith  w hat a p p e a r s  to  be a sw o l le n  golg i c o m p le x  o r  
p o s s ib ly  sm o o th  e n d o p la s m ic  r e t i c u lu m .  C e l l s  in  m o n o la y e r  
c u l tu r e  w e r e  u s u a l ly  found to  d e t e r i o r a t e  a f t e r  a p p r o x .  6 w e e k s  
in c u l t u r e .  P l a t e  (12) i s  o b ta in e d  f r o m  su ch  a  s e n e s c e n t  c u l t u r e .  
T h e r e  i s  an  a b u n d a n c e  of o s m io p h i l i c  (lipid) m a t e r i a l  and v e s i c l e s  
c o n ta in in g  m e m b r a n e o u s  m a t e r i a l .
C h a r a c t e r i s a t i o n  of th y m u s  m o n o la y e r  c e l l s
H is to c h e m ic a l  and  fu n c t io n a l  a s s a y s  w e r e  p e r f o r m e d  on  the  
m o n o la y e r  c e l l s  in  s i tu  in  th e  c u l tu r e  f l a s k s .  T h e  c e l l s  w e r e  
s ta in e d  f o r  the  p r e s e n c e  of c y to p la s m ic  n o n - s p e c i f i c  e s t e r a s e s  
and a s s a y e d  fo r  t h e i r  a b i l i ty  to  p h a g o c y to se  u n s e n s i t i s e d  h e a t - k i l l e d  
y e a s t  c e l l s  in  v i t r o .
T h e  m a j o r i t y  of c e l l s  in  c u l tu r e  w e r e  p o s i t iv e  f o r  bo th  t e s t s .  
T h e y  c o n ta in e d  n o n - s p e c i f i c  e s t e r a s e s  and w e r e  d a r k ly  s ta in e d ,  a 
few  po ly g o n a l c e l l s  w e r e  v e r y  l ig h t ly  s ta in e d  and i t  is  d i f f ic u l t  to 
c a t e g o r i s e  t h e m .  T h e  s a m e  e s t e r a s e  p o s i t iv e  c e l l s  w e r e  found to 
be a c t iv e ly  p h a g o c y t ic .  A  v e r y  few  i s o la te d  c e l l s  w e r e  o c c a s io n a l ly  
s e e n  th a t  w e r e  n e g a t iv e  in  b o th  a s s a y s  and  w e r e  w e a k ly  PAS 
p o s i t i v e ,  th e y  w e r e  too  few in n u m b e r  to b e  c o u n te d .  P l a t e  (13) 
show s a  m o n o l a y e r  d e r iv e d  f r o m  a young a d u l t  m o u s e  w h ich  h a s  
p h a g o c y to se d  th e  y e a s t  c e l l s ,  the  d a r k ly  s ta in e d  a r e a s  d e t e c t  th e  
e n z y m e  e s t e r a s e  w h ich  a p p e a r s  d a r k  b ro w n  u n d e r  the  m i c r o s c o p e .  
M o n o la y e r s  w e r e  a l s o  e s t a b l i s h e d  f r o m  t r y p s i n i s e d  16 d ay  fo e ta l
P la t e  (10) C y to p la s m ic  p r o c e s s e s  of t h r e e  c u l tu r e d  c e l l s  in  c lo s e  
a p p o s i t io n  to e a c h  o th e r .
X 58, 500
P la t e  (11) C u l tu re d  m o n o la y e r  c e l l  w ith  ty p ic a l  v e s i c u l a r  
c y to p la s m .
X 19000

P la t e  (12) D e g e n e ra t in g  m o n o la y e r  c e l l  f r o m  a  s e n e s c e n t  7 
w eek  old c u l tu r e  c o n ta in in g  o s m io p h i l ic  in c lu s io n s  
X 236000
P la t e  (13) E s t e r a s e  p o s i t iv e ,  p h a g o cy t ic  c e l l s  f r o m  th y m u s  of 
young a d u l t  m o u s e .  C o u n te r  s ta in e d  w ith  







m o u s e  th y m u s ,  t h e s e  c e l l s  w e r e  a l s o  found to  be  p o s i t iv e  in  th e  
m a c r o p h a g e  a s s a y s .  P l a t e  (14) show s c e l l s  f r o m  a n  e a r l y  c u l tu r e  
th a t  h av e  b een  s i m i l a r l y  t r e a t e d .  M o u se  p e r i t o n e a l  e x u d a te s ,  
be ing  r i c h  in  m a c r o p h a g e s ,  w e r e  s i m i l a r l y  c u l tu r e d  f o r  c o m p a r i s o n .  
T h e  c u l t u r e s  g e n e r a l l y  took  lo n g e r  to  r e a c h  c o n f lu e n c e ,  a t  w h ich  
s tag e  th e y  a p p e a r e d  v e r y  s i m i l a r  to c u l tu r e d  th y m u s  c e l l s ,  P l a t e  
(15) sh o w s su ch  a  c u l t u r e ,  s ix  w e e k s  o ld .  A s  e x p e c te d ,  th e s e  c e l l s  
w e r e  p o s i t iv e  f o r  n o n - s p e c i f i c  e s t e r a s e  and  p h a g o c y to s e d  y e a s t  
c e l l s  ( P l a t e  16).
T h e  p o s s ib le  p r e s e n c e  of F c  r e c e p t o r s  (F cR ) on  c u l tu r e d  
th y m u s  s t r o m a l  c e l l s  w a s  in v e s t ig a te d  in  s i t u , u s in g  s e n s i t i s e d  ox 
e r y t h r o c y t e s .  O c c a s io n a l ly ,  c e l l s  w ith  e r y t h r o c y t e s  on th e i r  
s u r f a c e s  w e r e  s e e n  a s  in  P l a t e  (17). H o w e v e r ,  a s  t h e i r  n u m b e r s  
w e r e  r e l a t i v e l y  low  ( l e s s  th an  20%) and th e y  o c c u r r e d  in c o n s i s te n t ly  
in  c u l t u r e s ,  i t  i s  do u b tfu l  w h e th e r  they  a r e  t r u e  r o s e t t e s .  W hen  
p e r i t o n e a l  e x u d a te  c e l l s  w e r e  s i m i l a r l y  t r e a t e d ,  a b o u t  h a l f  of th e  
c e l l s  had  c l u s t e r s  of 5 o r  m o r e  e r y th r o c y te s  a ro u n d  th e m ,  a s  s e e n  
in  P l a t e  (18); th e s e  w e r e  c o n s id e r e d  to r e s e m b l e  m o r e  ty p ic a l  
r o s e t t e s .
A s  th e  c u l tu r e d  th y m ic  s t r o m a l  c e l l s  w e r e  l a r g e l y  found to 
be m a c r o p h a g e s ,  t h e i r  u l t r a  s t r u c t u r e  w as  c o m p a r e d  to  t h e i r  in  v ivo  
c o u n t e r p a r t .  A h ig h - p o w e r  e l e c t r o n m i c r o g r a p h  of the  s u b c a p s u la r  
re g io n  of a 15 d ay  fo e ta l  m o u s e  th y m u s  i s  shown in  P l a t e  (19). I t  
show s p a r t  of a  th y m ic  m a c r o p h a g e  w hose  c y to p la s m  c o n ta in s  
m a n y  l y s o s o m e s  and  m e m b r a n e - b o u n d  v e s i c l e s .  T he  v e r y  d a r k  
r e g u l a r  s t r u c t u r e s  a r e  p r o b a b ly  r e s id u a l  b o d ie s  c o n ta in in g  lip id
P la t e  (14) E s t e r a s e  p o s i t i v e ,  p h a g o c y t ic  c e l l s  f r o m  th y m u s  of 
fo e ta l  m o u s e  a t  16 d a y s  of g e s ta t io n .
C o u n te r  s ta in e d  w ith  H a e m a to x y l in  
X 4 80
P la t e  (15) M o n o la y e r  of c e l l s  f r o m  m o u s e  p e r i t o n e a l  e x u d a te s  
(P E C ) ,  6 w e e k s  in  c u l tu r e  
J  and G, x  4 80
%'■ho
* ^  W
ràJ .
P l a t e  (16) M o u se  P E C  show ing p r e s e n c e  of c y to p la s m ic  e s t e r a s e  
and p h a g o c y to s i s  of y e a s t  c e l l s .
C o u n te r  s ta in e d  w ith  H a e m a to x y l in  •
X 4 80
P la t e  (17) T h y m u s  c e l l s  in  e a r l y  c u l tu r e  t r e a t e d  w ith  s e n s i t i s e d  
ox e r y th r o c y te s  to d e te c t  F c  r e c e p t o r s  ( F c R ) ,
J  and G x  1200
P la t e  (18) P E C  c e l l s  s i m i l a r l y  t r e a t e d  to a b o v e .  
J  and  G x 1200
# m
P la t e  (19) E l e c t r o n m i c r o g r a p h  of a th y m ie  m a c r o p h a g e  in  v ivo , 
f r o m  a 15 day  m o u s e  e m b ry o .  L y s o s o m e s  and 
m e m b r a n e o u s  v e s i c l e s ,  t o g e th e r  w ith  l ip id  in c lu s io n s  
a r e  in  a b u n d a n c e .  T h e  n u c le u s  i s  e lo n g a te d ,  w ith  




a f t e r  fu s io n  w ith  p r i m a r y  l y s o s o m e s .  T h e r e  i s  a  th in  r i m  of
p e r i p h e r a l  d e n s e  h e t e r o c h r o m a t i n  in  th e  e lo n g a te d  n u c le u s .
A n a b u n d an c e  of f r e e  r i b o s o m e s  and w ha t cou ld  be the  tu b u le s  
of a go lg i c o m p le x  cu t  in  t r a n s v e r s e  s e c t io n  a r e  s e e n .
In d u c tiv e  p r o p e r t i e s  of th y m u s  m o n o la y e r  c e l l s
(1) PHA r e s p o n s i v e n e s s
(A) D o se  s tudy
A n in i t i a l  s tu d y  of th e  p r o l i f e r a t i v e  r e s p o n s e  of ly m p h  node  
c e l l s  upo n  m i to g e n ic  s t im u la t io n  w ith  PHA b e tw e e n  l - 8^ u g /m l 
and a t  a c e l l  c o n e ,  of 2 x  10^ c e l l s / w e l l  w a s  u n d e r t a k e n .  F i g .  (2) 
show s th a t  m a x im a l  s t im u la t io n  w as  a c h ie v e d  b e tw e e n  3 - 6 ^ g / m l  of 
P H A . T h e  r e s u l t s  r e p r e s e n t  the  m e a n  c o u n ts  p e r  m in u te  ( c p m ) , 
c o r r e c t e d  f o r  i s o to p e  d e c a y  and  b a c k g ro u n d .  In  th e  s u b s e q u e n t  
e x p e r i m e n t a l  p r o t o c o l s ,  i t  w a s  d e c id e d  to u s e  th e  m i to g e n  a t  4.x*g/ml, 7
(B) E f f e c t  of c o n d i t io n e d  m e d iu m  f r o m  th y m ic  m o n l a y e r s
T h e  PHA r e s p o n s e  of th y m o c y te s  a f t e r  24 h o u r s  of in c u b a t io n  
w ith  c o n d i t io n e d  m e d iu m  (CM) f r o m  m o n o la y e r s  of th y m u s  s t r o m a l  
c e l l s  w as  in v e s t ig a t e d .  T h e  CM w a s  o b ta in ed  a f t e r  72 h o u r s  of 
c u l tu r e  u n l e s s  o th e rw is e  s ta t e d .  T h e  CM  f r o m  p e r i t o n e a l  e x u d a te  
c e l l  (P E C ) m o n o l a y e r s  w e r e  a l s o  t e s t e d  a s  c o n t r o l s .  F i g s .  (3) 
and (4) show th e  d a ta  f r o m  two s e p a r a t e  e x p e r i m e n t s ,  e x p r e s s e d  
a s  c p m .  T h e  s t im u la t io n  in d ic e s  a r e  show n w ith in  the  b o x e s .  
S u p e r n a ta n ts  f r o m  th y m u s  m o n o la y e r  c e l l s  in d u c e d  g r e a t e r  
s t im u la t io n  th a n  P E C  m o n o l a y e r s  in  bo th  e x p e r i m e n t s ,  L y m p h  
n ode  c e l l s  w e r e  a l s o  c u l tu r e d  u n d e r  id e n t ic a l  c o n d i t io n s  in  th i s  
s tudy , to v e r i f y  th a t  the  c u l tu r e  c o n d i t io n s  p e r m i t t e d  a d e q u a te  c e l l  ?
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F i g .  (2.) PHA r e s p o n s e  of l y m p h ,  node  c e l l s :





PHA D o se  ( /U g /m l)
68
T a b le  (1) E f fe c t  of c o n d i t io n e d  m e d iu m  on PHA r e s p o n s e  of
th y m o c y te s :  E x p t .  (1)
C e l l  s / T r  e a tm e n t  t  PHA M e a n  c p m  t  SD SE SI + SD p
T h y m o c y te s / th y m u s  CM  4-PHA 1528 t  193 79 4.7 1 1.3 <0.001
T h y m o c y te s /P E C  CM  + PHA 899 t  108 44 2.8 t  0.8 <0.001
T h y m o c y te s  + PHA 555 + 86 35 1.7+0.5 <0.001
T h y m o c y te s  on ly 324 + $0 33
T h y m o c y te s  + th y m u s  CM 233 t  33 13
T h y m o c y te s  + P E C  CM 241 + 57 23
L y m p h  node  c e l l s  + PHA 14248 t  283 115 50.3 + 5.1 <  0.001
L y m p h  node  c e l l s  on ly 351 t  35 14
S a m p le  (N) = 6
D if f e r e n c e  in  s t im u la t io n  in d u c ed  by th y m u s  and, P E C  CM (p^O.OOl)
T a b le  (2) E f fe c t  of c o n d i t io n e d  m e d iu m  on PHA r e s p o n s e s  of
th y m o c y te s  : E x p t .  
C e l l s / T r e a t m e n t  t  PHA
(2)
M e a n  c p m  t  SD SE SI t  SD p
T h y m o c y te s / th y m u s  CM  + PHA 1460 t  179 73 5.4 j; 1,5 <0.001
T h y m o c y te s /P E C  CM + PHA 1032 t  173 71 3.8+ 1.2 <0.001
T h y m o c y te s  + PHA 672 ± 83 34 2.5 ±0.7 <0.001
T h y m o c y te s  on ly 268 t  68 28
T h y m o c y te s  + th y m u s  CM 281 ± 56 28
T h y m o c y te s  + P E C  CM 205 t  31 13
*L y m p h  node  c e l l s  + PH A 1176 + 1029 420 31.1 +27.4 <0.001
L y m p h  node c e l l s  only* 377 + 4 3 18
S a m p le  (N) = 6 o r  9







0 .9  -
0 .7
0 .5
E ffe c t  of c o n d i t io n e d  m e d iu m  on PH A  r e s p o n s e
of th y m o c y te e
F i g .  3
T h y m u s  CM  P E C  CM
E x p t .  (1)
e  1.7












T h y m u s  CM P E C  CM U n tre a te d
70
p r o l i f e r a t i o n .
I t  i s  p r e s u m e d  th a t  an y  a c t iv e  f a c t o r s  in  the  CM  a r e  d e r iv e d  
by s e c r e t io n s  of th e  m o n o la y e r  c e l l s .  T h e r e f o r e ,  th e  e f fec t  of 
in c u b a t io n  w ith  CM  c o l l e c t e d  a f t e r  on ly  24 h o u r s  w a s  t e s t e d .  T h i s  
would  e x e r t  a  v e r y  n e g l ig ib le  e f fec t  a t  m o s t  if  th e  h y p o th e s i s  w as  
t r u e .  F i g s .  (5) and  (6) show th e  s t im u la t io n  o b ta in ed  w ith  th i s  C M . 
T h e  s c a l e s  on th e  a x e s  a r e  d i f f e r e n t  f o r  t h e s e  tw o e x p e r i m e n t s  
f r o m  th e  e a r l i e r  o n e s .  T h e  u n t r e a t e d  c e l l s  r e s p o n d e d  to  a lo w e r  
th a n  u s u a l  d e g r e e  and c o n s e q u e n t ly  any  d i f f e r e n c e s  a p p e a r  
e x a g g e r a te d .  T h e  r e s p o n s e  o b ta in e d  by  the  t r e a t e d  c e l l s  w a s  of 
th e  s a m e  o r d e r  a s  th e  c o n t r o l  u n t r e a te d  c e l l s  in  exp t s .  (1) and  (2). 
T h e  CM in  t h e s e  e x p e r i m e n t s  (1-4)  w as  o b ta in e d  f r o m  m o n o l a y e r s  
d e r iv e d  f r o m  young a d u l t  m i c e .  F i g s .  (7) and  (8) show d a ta  a f t e r  
in c u b a t io n  w ith  CM  c o l l e c t e d  a f t e r  lo n g e r  p e r io d s ,  f r o m  m o n o l a y e r s  
d e r iv e d  f r o m  f o e ta l  th y m ic  t i s s u e  of 15 d ay s  g e s ta t io n .  T he  
s t im u la t io n  o b ta in e d  is  of th e  s a m e  o r d e r  a s  in  e x p ts  (1) and (2), 
a l th o u g h  th e  a b s o lu t e  p r o l i f e r a t i v e  r e s p o n s e  i s  s l ig h t ly  lo w e r .
In  n e a r l y  a l l  t h e s e  c u l t u r e s ,  th e  s t im u la t io n  o b ta in e d  w ith  CM 
f r o m  P E C  m o n o l a y e r s  w a s  g r e a t e r  th a n  c o n t ro l  u n t r e a t e d  c u l t u r e s ,  
a l th o u g h  l e s s  th a n  th a t  in d u c e d  by th y m u s  m o n o l a y e r s .  In  o r d e r  
to  in v e s t ig a t e  th e  s p e c i f i c i ty  of th e  in d u c t iv e  e f fe c t  o b ta in ed  by th e  
C M , a d o s e  s tudy  w a s  c a r r i e d  ou t.  F ig .  (9) show s the  d a ta  f r o m  
exp t (7) w h e re  th e  p r e - i n c u b a t e d  c e l l s  w e r e  c u l tu r e d  w ith  PHA a t  
d o s e s  b e tw e e n  1 -4 /U g /m l.  M a x im a l  r e s p o n s e s  a r e  o b ta in ed  w ith  
3 and 4 /u g /m l  of PHA ; s t im u la t io n  in d ic e s  of 5 .4  and 5 .1  w e re  
o b ta in ed  w ith  PH A  a t  4yU.g/ml w ith  the  CM  f r o m  th y m u s  and P E C  
m o n o l a y e r s  r e s p e c t iv e l y .
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T a b le  (3). E f fe c t  of co n d i t io n e d  m e d iu m  on PHA r e s p o n s e of
th y m o c y te s  : E x p t ■ (3)
C e l l s / T r e a t m e n t  t  PHA M ean  c p m  t  SD SE SI ± SD P
T h y m o c y te  s /thym us  CM  + PHA 676 ± 174 71 3.4 ± 1.0 < 0 . 0 0 1
T h y m o c y te s /P E C  CM + PHA 489 - 110 45 2.5+ 0.6 < 0 . 0 1
T h y m o c y te s  + PHA 288 ± 86 35 1.5 t  0.5 <  0 .0 5
T h y m o c y te s  only 197 t  25 10
T h y m o c y te s  + th y m u s  CM 127 + 32 13
T h y m o c y te s  + P E C  CM 117 ± 22 9
L y m p h  node c e l l s  + PHA ‘ 12560 i  967 395 31.7 + 9.3 < 0 . 0 0 1
L y m p h  node c e l l s  on ly 362 ± 93 38
S a m p le  (N) = 6 o r  9
D if f e r e n c e  in  s t im u la t io n  in d u c ed  by th y m u s  and P E C  CM (p < 0 . 0 2  )
T a b le  (4 ) . E f f e c t  of c o n d i t io n e d  m e d iu m  on PHA r e s p o n s e s  of 
th y m o c y te s  : E x p t .  (4)
C e l l s / T r e a t m e n t  t  PHA M e a n  c p m  t  SD SE  SI t  SD
T hym oc  y te  s / th y m u s  CM  4- PHA 573 + 116 47 2 .7  + 0 .9 <  0. 01
T h y m o c y te s /P E C  CM + PHA 327 + 87 35 1 .5  t o . 5 > 0. 1
T h y m o c y te s  + PHA 351 + 60 24 1 .7  + 0 .5 <  0. 01
T h y m o c y te s  only 212 4" 52 21
T h y m o c y te s  + th y m u s  CM 193 + 20 8
T h y m o c y te s  + P E C  CM 172 + 73 30
*L y m p h  node c e l l s  + PHA 11129 + 768 313 3 0 .7  + 8. 3 <  0 .0 0 1
L y m p h  node c e l l s  on ly 362 + 93 38
S a m p le  (N) = 6 o r  9
D if f e r e n c e  in  s t im u la t io n  in d u ced  by th y m u s  and P E C  CM (p < 0 .0 0 1 )
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Ê ffe c t  of c o n d i t io n e d  m-edium on PHA r e s p o n s e
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T a b le  (5). E f fe c t  of c o n d i t io n e d  m e d iu m  o n  PHA r e s p o n s e  of
th y m o c y te s  : E x p t ,  (5)
C e l l s / T r e a t m e n t  t  PHA Mean c p m  - SD SE SI + SD p
T hym oc  y te  s /thym u s CM  + PHA 1173 t  151 62 4 . 4 Î 1 . 5  < 0 . 0 0 1
T h y m o c y te s /P E C  CM  + PHA 598 t  183 74 2 .3  + 0. 8 <  0 .0 2
T h y m o c y te s  + PHA 329 + 112 46 1 . 2 +  0 . 6  > 0 . 1
T h y m o c y te s  only 269 t  8 .8 36
T h y m o c y te s  + th y m u s  CM 143 + 7 3
T h y m o c y te s  + P E C  CM 73 t  6 2
L y m p h  node  c e l l s  + PHA ' 11299 t  1433 585 3 9 .5  <  0 .0 0 1
L y m p h  node c e l l s  on ly 286 t  50 20
S a m p le  (N) = 6 o r  9
D if f e r e n c e  in  s t im u la t io n  in d u c ed  by th y m u s  and  P E C  CM (p < 0 .0 0 1 )
T a b le  (6 ) . E f fe c t  of co n d i t io n e d  m e d iu m  on PHA r e s p o n s e  of 
th y m o c y te s  : E x p t .  (6)
C e l l s / T r e a t m e n t  + PHA M e a n  c p m  t  SD SE SI + SD P
T h y m o c y te s / th y m u s  CM  + PHA 896 + 121 49 4.5 ±1.1 < 0 .  001
T h y m o c y te s /P E C  CM 4- PHA 438 + 112 46 2.2 t  0.7 > 0 . 1
T h y m o c y te s  + PHA 357 Î  114 47 1.8+ 0.6 0 .0 1
T h y m o c y te s  only 197 t  39 16
T h y m o c y te s  + th y m u s  CM 141 t  15 6
T h y m o c y te s  + P E C  CM 93 + 22 9
L y m p h  node c e l l s  + PHA 9880 t  852 34 8 24.0 t  5.9 <  0 .0 0 1
L y m p h  node  c e l l s  on ly 407 t  85 35
S a m p le  (N) = 6 o r  9
D i f f e r e n c e  in  s t im u la t io n  in d u c ed  by th y m u s  and  P E C  CM ( p < 0 . 0 0 l )
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E ffe c t  of c o n d i t io n e d  m e d iu m  on PHA r e s p o n s e
of th y m o c y te s
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Effect ôf conditiôîiôd medium on PHA response of thym ocytesi
D o s e  s tudy
F i g ,  (9)
P E C  CM
#  T h y m u s  CM  
“► U n t r e a te d ,
à k
2 3
PHA D o se  ( / t ig /m l )
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(C) E f fe c t  of c o - c u l t u r e  w ith  m o n o la y e r  c e l l s
T h e  PH A  r e s p o n s i v e n e s s  of th y m o c y te s  a f t e r  c o - c u l t u r e  f o r  
24 h o u r s  w ith  th y m ic  and  P E C  m o n o la y e r s  w a s  in v e s t ig a te d  ( F i g s .
10 and  11), T h e  o pen  b o x e s  r e p r e s e n t  c o - c u i tu r e d  th y m o c y te s  
s t im u la te d  w ith  PH A  and th e  c lo s e d  b o x e s ,  u n s t im u la t e d  c o - c u l t u r e d  
th y m o c y te s .  T h e  m i to g e n ic  s t im u la t io n  o b ta in e d  i s  g e n e r a l ly  
s l ig h t ly  lo w e r  th a n  th a t  o b ta in e d  by  in c u b a t io n  w ith  CM  a lo n e .  In  
th e s e  e x p e r i m e n t s ,  th e  s t im u la t io n  induced  by  c o - c u l t u r e  w ith  P E C  
m o n o la y e r s  a p p r o x im a te d  th a t  o b ta in e d  by th y m u s ,  a s  th e  s t im u la t io n  
in d i c e s  w e r e  n o t  s ig n i f i c a n t ly  d i f f e r e n t ,
(2) E x p r ^ T h j r a n p _ a u t i g e i i _
H o r s e - r a d i s h  p e r o x id a s e  c o n ju g a te d  Of-Thy 1 a n t i s e r a  w as  u s e d  
to d e te c t  the  T h y  1 a n t ig e n  on d i f f e r e n t  h a e m o p o ie t ic  c e l l  p o p u la t io n s  
b e fo re  and a f t e r  c o - c u l t u r e  w ith  th y m u s  m o n o l a y e r s ,  C y to c e n t r i f u g e  
p r e p a r a t i o n s  of th e  c e l l s  w e r e  f ixed  in  a c id i f ie d  m e th a n o l  to b lo ck  
e n d o g en o u s  p e r o x id a s e  a c t iv i t y  an d  th e n  t r e a t e d  w ith  th e  en zy m e  
c o n ju g a te d  a n t i s e r a .
T a b le  (10) show s th e  d a ta  f r o m  th is  e x p e r i m e n t .  T h e  n u m b e r s  
of T h y .  1 b e a r in g  c e l l s  a m o n g  th e  c o n t ro l  ly m p h  node  c e l l  p o p u la t io n  
cou ld  no t be  i n c r e a s e d  a f t e r  c o - c u l t u r e ,  a s  e x p e c te d .  B o th  n o r m a l  
and HN^ t r e a t e d  bone m a r r o w  c e l l s  w e r e  found to  show  v e r y  
n e g l ig ib le  i n c r e a s e s  a f t e r  c o - c u l t u r e .  S p le e n  c e l l s  f r o m  nude  m ic e  
w e r e  r e l a t i v e ly  m o r e  in d u c ib le  and show ed a 5 .5%  i n c r e a s e  in  T h y  1 
b e a r in g  c e l l s  a f t e r  c o - c u l t u r e  w ith  th e  m o n o la y e r  c e l l s .  A h u n d re d  
c e l l s  in  e a c h  of te n  s l id e s  w e r e  s c o r e d  and  the  c e l l s  show ing  a 
u n i f o r m  b ro w n  r in g  on  t h e i r  s u r f a c e s  w e r e  c o n s id e r e d  a s  T h y  1 
p o s i t i v e .
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T a b le  (8) . E f fe c t  of c o - c u l t u r e  w ith  th y m u s  and P E C  m o n o l a y e r s
on PHA r e s p o n s e  of th y m o c y te s  : E x p t .  (8)
C e l l s / T r e a t m e n t  PHA M e a n  c p m  t  SD SE SI t  SD P
T h y m o c y te s / t h y m u s  
m o n o la y e r  + PHA 797 + 283 82 3 .0  f  0 .7 < 0 .0 0 1
T hym oc yte  s / th y m u  s 
m o n o la y e r 260 t  87 25
T h y m o c  y te  s / P E C  
m o n o la y e r  + PHA 626 t  93 27 2 . 9 Î  0 .7 < 0 . 0 0 1
T h y m o c y te s /P E C  
m o n o la y e r 219 t  44 13
1 .6  - 0 .4T h y m o c y te s  + PHA 332 ± 70 20 < 0 , 0 0 1
T h y m o c y te s  only 207 t  28 8
L y m p h  node  c e l l s  + PHA 8532 t  1245 359 1 2 .6  t  0 .4 < 0 .0 0 1
L y m p h  node  c e l l s  only 678 t  201 58
S a m p le  (N) = 1 2
No s ig n i f ic a n t  d i f f e r e n c e  
P E C  m o n l a y e r  c e l l s  (p
b e tw e e n  in d u c t iv e  e f f e c t  by  th y m u  
0 .1 )
s and
T a b le  (9) . E f fe c t  of c o - c u l t u r e  w ith  th y m u s and  P E C  m o n o l a y e r s
on PHA r e s p o n s e s  of th y m o c y te s : E x p t .  (9)
C e l l s / T r e a t m e n t  t  PHA M e a n  c p m  tS D SE SI t  SD P
T h y m o c y te s / t h  y m u  s 
m o n o la y e r  4- PHA 1087 t  292 84 3 .9  t  1 .8 < 0 . 0 0 1
T h y m o c y te s  / th y m u s  
m o n o la y e r 279 t  108 31
T h y m o c y te s /P E C  
m o n o la y e r  + PHA 744 + 206 59 3 .3  + 1 .5 <  0 .0 1
T h y m o c y te s /P E C  
m o n o la y e r 228 + 82 24
T h y m o c y te s  + PHA 275 t  71 20 1 .4  t  0 . 6 <  0 .0 1
T h y m o c y te s  on ly 200 ± 22 6
L y m p h  node c e l l s  + PHA 11248 ± 1633 471 2 6 ,7  + 7 . 6 < 0 .0 0 1
L y m p h  node  c e l l s  only 420 t  103 30
S a m p le  (N) = 12
No s ig n if ic a n t  d i f f e r e n c e  b e tw e e n  in d u c t iv e  e f fe c t  by  th y m u s  and 
PE G  m o n o l a y e r  c e l l s  (p y  0. 1)
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E f fe c t  of c o - c u l t u r e  on  PH A  r e s p o n s e  of t h y m o c y t e s .








U n t r e a te dT h y m u s  m o n o l a y e r  P E C  m o n o la y e r
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U n tr e a te dT h y m u s  m o n o la y e r  PE G  m o n o la y e r
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( 3 ) Eff_e£t_of_ e_ and C M jon_ ^en  WU of _ t l^ m  o c j y o
t e s t o s t e r o n e
A c a l ib r a t i o n  c u r v e  of th e  v ia b i l i ty  of th y m o c y te s  f r o m  young 
m a le  m i c e  to  th e  c y to to x ic  e f fec t  of t e s t o s t e r o n e  a c e ta t e  a f t e r  15 
m in u te s  of in c u b a t io n  w a s  p lo t te d  ( F ig .  12). T h e  c o n c e n t r a t i o n  
of t e s t o s t e r o n e  u s e d  w a s  b e tw e e n  0 - 0 .2  m g / m l .  T h e  h o r m o n e ,  
a t  a  c o n c e n t r a t i o n  of 0..025 m g / m l  k i l l e d  a p p r o x .  50% of the  c e l l s ;  
th i s  c o n c e n t r a t i o n  w a s  u s e d  in  su b s e q u e n t  a s s a y s .
A f te r  24 h o u r s  of c o - c u l t u r e  w ith  m o n o l a y e r s  o r  in c u b a t io n  
w ith  t h e i r  C M , th e  c e l l s  w e r e  in c u b a te d  w ith  the  h o r m o n e  and  a 
v ia b i l i ty  t e s t  c a r r i e d  o u t .  T h e  d a ta  i s  shown in  T a b le  ( l2 ) .  A s  
the  h o rm o n e  w a s  in i t i a l ly  d i s s o lv e d  in  a s m a l l  v o lu m e  of a lc o h o l ,  
a p p r o p r i a t e  c o n t r o l s  w e r e  in c lu d e d .  I t  i s  s e e n  th a t  no m a r k e d  
e f f e c t s  on t e s t o s t e r o n e  s e n s i t i v i ty  a r e  o b ta in e d  w ith  e i t h e r  of 
the  t r e a t m e n t s .
N . B .
R e c o v e r y  of c e l l s
R e c o v e ry  of c e l l s  a f t e r  in c u b a t io n  w ith  CM  o r  m e d iu m  a lo n e  
w a s  s i m i l a r  in  t h e s e  e x p e r i m e n t s ;  o v e r  60% of th e  c e l l s  w e r e  
u s u a l ly  r e c o v e r e d .  A f te r  c o - c u l t u r e ,  the  r e c o v e r y  of c e l l s  v a r i e d  
b e tw e e n  e x p e r i m e n t s ,  50-80%  of the  in i t i a l  in o c u lu m  w as  r e c o v e r e d .  
T h e r e  w e r e  no  m a r k e d  d i f f e r e n c e s  b e tw e e n  c e l l  r e c o v e r y  f r o m  
th y m ic  and  P E C  m o n l a y e r s .  C e l l s  in c u b a te d  w ith o u t a f e e d e r  l a y e r  
s u rv iv e d  p o o r ly  and  l e s s  th a n  50% w e r e  r e c o v e r e d .
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T a b le  (1 0 ) . E f fe c t  of c o - c u l t u r e  w ith  th y m u s  m o n o l a y e r s  on 
e x p r e s s i o n  of T h y .  1 a n t ig e n
C e l l s  C e l l s % T h y .  1 p o s i t iv e  c e l l s  t  SDB e fo re  c o - c u l t u r e  A f te r  c o - c u l t u r e  
L y m p h  node 7 2 .9  t  1 0 .7  6 9 .8  t  9 . 6
N o r m a l  bone m a r r o w  5 .6  t  3 .2  7 . 0  t  3 .4
H N^ t r e a t e d  bone m a r r o w  3 .5  t  2 .4  4 .1  t  2 .1
Bone m a r r o w  ly m p h o c y te s  3. 8 t  2 . 1 4 . 2  t  2 .3
N ude m o u s e  s p le e n  2 . 8  t  2 . 3  8 .3  ^ 2 .8
S a m p le  (N) = 10
I n c r e a s e s  o b ta in e d  w ith  nude m o u s e  s p le e n  c e l l s  a f t e r  c o - c u l t u r e  
(p 4 0 . 0 0 1 ) .  No d i f f e r e n c e s  in  a l l  o th e r  cell p o p u la t io n s  (p > 0 . 1 ) .
T a b le  (1 1 ) . V ia b i l i ty  of th y m o c y te s  a f t e r  in c u b a t io n  w ith  
t e s t o s t e r o n e  a c e ta te :  D o se  s tudy
S a m p le  (N) = 10 
C o n e ,  of h o r m o n e  m g / m l  . % V ia b i l i ty  t  SD
0 9 1 .0  + 4 . 8
0 .0 2 5 4 4 .3  f  6 .8
0 .0 5 2 6 .3  + 5 .6
0. 1 7 .4  t  4 . 2
0 .2 0
T a b le  (1 2 ) . E f f e c t  of c o - c u l t u r e  w ith  th y m u s  m o n o l a y e r s  and  
in c u b a t io n  w ith  c o n d i t io n e d  m e d iu m  on  s e n s i t i v i ty  
of th y m o c y te s  to  t e s t o s t e r o n e
% V ia b i l i ty  a f t e r  in c u b a t io n  in:
T r e a t m e n t
T e s t o s t e r o n e  A lco h o l  (co n tro l )
C o - c u l tu r e  w ith  th y m u s  m o n o la y e r  4 3 .2  t  10. 0 8 5 .5  t  8 .6
c e l l s
In c u b a t io n  w ith  th y m u s  CM  4'6. 9 t  8 .3  89. 8 f  3 .2
In c u b a t io n  w ith  m e d iu m  only  5 3 . l l ' 4 , 3  9 3 .1  ^ 4 . 1
S a m p le  (N) = 10
No d i f f e r e n c e  in  s e n s i t i v i ty  to t e s t o s t e r o n e  a f t e r  e i t h e r  t r e a t m e n t
(p >0. 1)
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T h e  m o n o l a y e r s  of c u l tu r e d  th y m u s  c e l l s ,  though  h e t e r o g e n o u s ,  
a r e  m o r p h o lo g ic a l ly  s i m i l a r  to  th o s e  d e s c r ib e d  by o th e r  i n v e s t i g a t o r s .  
T h e  m o n o l a y e r s  d e s c r i b e d  by M o s i e r  and P i e r c e  (1972) w e r e  
s i m i l a r l y  d e r iv e d  by  t e a s i n g  a p a r t  in ta c t  th y m ic  t i s s u e .  W a k s a l  e t  a l
(1975) o b ta in e d  t h e i r  m o n o l a y e r s  by p r i o r  o v e rn ig h t  e n z y m ic  d ig e s t io n  
w ith  c o l l a g e n a s e  fo l lo w ed  b y  t r y p s i n .  E a r l y  in  th i s  s tu d y ,  th y m ic  
t i s s u e  w a s  s i m i l a r l y  t r e a t e d  w ith  th e s e  e n z y m e s  f o r  s h o r t e r  p e r i o d s ;  
the  r e s u l t in g  s u s p e n s io n  w a s  a  g e la t in o u s  m i x t u r e  w h ich  did n o t  p r o v e  
c o n v e n ie n t  f o r  c u l tu r in g ,  a l th o u g h  th i s  cou ld  be  r e n d e r e d  m o r e  
s u i ta b le  by  th e  u s e  of D N a s e .  T h e s e  i n v e s t i g a t o r s  o b ta in ed  
co n f lu e n t  m o n o l a y e r s  by  10 d a y s ,  w h e r e a s  c o n f lu e n c e  w as  only  
r e a c h e d  in  n e a r l y  a m o n th  in  th i s  s tu d y .  A t the  u l t r a  s t r u c t u r a l  
l e v e l ,  t h e i r  c e l l s  w e r e  s i m i l a r  to  th a t  c u l tu r e d  in  th i s  and o th e r  
l a b o r a t o r i e s  i e .  l a r g e ,  i r r e g u l a r  c e l l s  w ith  n u m e r o u s  c y to p la s m ic  
g r a n u le s .  T h e  p r e s e n c e  of f r e e  r i b o s o m e s  p o s s ib ly  a s s o c i a t e d  w ith  
e n d o p la s m ic  r e t i c u l u m  c o n ta in in g  c i s t e r n a e  w e r e  s e e n .  S a to  et a l
(1976) a l s o  o b ta in e d  t h e i r  m o n o l a y e r s  f r o m  e n z y m e  d ig e s te d  t i s s u e  
and f u r t h e r m o r e  o n ly  s e c o n d a r y  c u l t u r e s  w e r e  u s e d  in  t h e i r  in d u c t io n  
a s s a y s .  In  th i s  s tu d y ,  i t  w a s  n e v e r  p o s s ib le  to  m a in ta in  s e c o n d a ry  
c u l t u r e s  f o r  m o r e  th a n  a  few  d a y s .  D o o r  (1979) o b ta in e d  e n z y m ic a l ly  
d i s p e r s e d  c e l l s  w h ich  w e r e  th e n  f r a c t io n a t e d  f u r t h e r  on a d is c o n t in u o u s  
bov ine  s e r u m  a lb u m in  (BSA) g r a d ie n t .  He o b ta in e d  an  e n r ic h e d  
r e t i c u lo e p i th e l i a l  c e l l  p o p u la t io n  w h ich  w a s  s u b s e q u e n t ly  c u l tu r e d .
M any  of h i s  c e l l s  had a g r a n u l a r  c y to p la s m  and w e r e  b in u c le a te d .
Such  b in u c le a te d  c e l l s  w ith  p r o m in e n t  d e n s e  n u c le o l i  w e r e  r e g u l a r l y  
s e e n  in  th i s  s tu d y .  A t th e  u l t r a  s t r u c t u r a l  l e v e l ,  h i s  c e l l s  had  m a n y
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o th e r  f e a tu r e s  in  c o m m o n ,  s u ch  as g r a n u la r  c y to p la s m ,  ab u n d an t 
r i b o s o m e s  and m i to c h o n d r i a  and  a w e ll  d e v e lo p e d  go lg i  a p p a r a tu s .  
H o w e v e r ,  i n t e r e s t i n g l y ,  d e s m o s o m e s  w e r e  not d e te c te d  in  h is  
c u l tu r e d  c e l l s .  H e  d e te c te d  th e  p r e s e n c e  of f a t  g lo b u le s  by  u . v .  
i l lu m in a t io n  in  th e  l ig h t  m i c r o s c o p e  w h ich  p ro b a b ly  c o r r e l a t e s  
w ith  th e  i n t e n s e ly  o s m io p h i l ic  s t r u c t u r e s  r e g u l a r l y  s e e n  in  EM  
p r e p a r a t i o n s  of c u l tu r e d  c e l l s .  In  L o o r ' s  c u l tu r e  t e c h n iq u e ,  a 
f u r t h e r  m o d i f ic a t io n  w a s  in t r o d u c e d ,  h e  added  t r i io d o th y r o n in e  to 
en h an c e  e p i th e l i a l  c e l l  g ro w th .
In  o th e r  i n v e s t ig a t io n s ,  th y m ic  m o n o la y e r  c e l l s  c u l tu r e d  f r o m  
n o n - m u r in e  s o u r c e s  h av e  b e e n  c l a im e d  to be e p i th e l i a l .  W i l l i s - C a r r  
et a l  (197 8) found th a t  l e s s  th a n  1% of t h e i r  m o n k e y  and  h u m a n  
c u l tu r e d  c e l l s  w e r e  m a c r o p h a g e s ,  a s  a s s a y e d  by  l a te x  p a r t i c l e  
in g e s t io n .  T h e  th y m ic  m o n o l a y e r s  d e r iv e d  f r o m  r a t s  a p p e a r  to  
h a v e  m o r e  ty p ic a l  e p i th e l i a l  c e l l  c h a r a c t e r i s t i c s .  K r u i s b e e k e t  a l
(1977) d e te c te d  d e s m o s o m e s  and  to n o f i la m e n ts  in  t h e i r  c u l tu r e d  
c e l l s ,  th e y  a l s o  c l a im  to  f ind  m o rp h o lo g ic a l  e v id n c e  of a c t iv e  
p r o t e i n  s y n th e s i s  and e x p o r t .  T he  CM  f r o m  su ch  r a t  m o n o la y e r  
c u l t u r e s ,  a t  a f a i r l y  h ig h  d i lu t io n  of  ^12,0 k a s  b e e n  shown to i n c r e a s e  
the  m i to g e n  r e s p o n s i v e n e s s  of c o r t i s o n e  s e n s i t i v e  r a t  t h y m o c y te s .  
In c u b a t io n  w ith  su ch  CM c a u s e d  e n h an c ed  in  v i t r o  an t ib o d y  p ro d u c t io n  
to SRBC by nude  m o u s e  s p le e n  c e l l s ,  r a i s e d  en d o g en o u s  cA M P  
le v e ls  and  r e a c t i v i t y  of th y m o c y te s  in  th e  M L C . T h e  CM f r o m  
h u m a n  th y m u s  m o n o l a y e r s  h a v e  b e e n  s i m i l a r l y  shown to e n h an c e  
m i to g e n  r e s p o n s i v e n e s s  of h u m a n  and  m o u s e  th y m o c y te s  by 
O o s t e r o m  e t  a l  (1979); bu t t h e i r  th y m o c y te s  w e r e  o b ta in ed  f r o m  
c o r t i s o n e  t r e a t e d  a n i m a l s  w h ich  a r e  t h e r e f o r e  e n r ic h e d  f o r  a
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re l a t i v e ly  m a t u r e  th y m o c y te  p o p u la t io n .  T h e s e  a u t h o r s ,  l ik e  
o th e r s  h a v e  c h a r a c t e r i s e d  t h e i r  c e l l s  a s  b e in g  e p i th e l i a l  on th e  
b a s i s  of f ind ing  d e s m o s o m e s  and  to n o f i la m e n ts ,  th ough  few  h a v e  
p r e s e n te d  m o r p h o lo g ic a l  e v id e n c e  in  s u p p o r t .
In  th e  c o - c u l t u r e  e x p e r i m e n t s ,  a p r o p o r t i o n  of th y m o c y te s  
w e r e  a t  t i m e s  d i f f ic u l t  to  d is lo d g e  f r o m  th e  f e e d e r  c e l l s .  V ig o ro u s  
s q u i r t in g  w ith  p a s t e u r  p ip p e t t e s  w as  s o m e t im e s  n e c e s s a r y .  T h e  
r e c o v e r y  of c e l l s  v a r i e d  e n o r m o u s ly  and s o m e t im e s  v ia b i l i ty  of 
r e c o v e r e d  c e l l s  w a s  p o o r .  It i s  p o s s ib le  th a t  p o o r  r e c o v e r y  i s  a 
c o n s e q u e n c e  of th y m o c y te s  b e in g  p h a g o c y te s e d  b y  th e  m o n o la y e r  
c e l l s  d u r in g  c u l t u r e .  D u r in g  th e  F c R  a s s a y ,  if  th e  in c u b a t io n  p e r io d  
w ith  s e n s i t i s e d  ox e r y t h r o c y t e s  w a s  p ro lo n g e d ,  th ey  w e r e  found to 
be engu lfed  by th e  m o n o l a y e r  c e l l s .  A s  th e  th y m o c y te s  w e r e  
c o - c u l tu r e d  f o r  24 h o u r s ,  so m e  m a y  w e ll  h av e  s u f f e r e d  a s i m i l a r  
f a t e .  If  the  th y m o c y te s  a r e  s e n s i t i s e d  in  v i t r o  a s  s u g g e s te d  by 
W e k e r le  e t a l  (1973), th i s  co u ld  r e s u l t  in  u p ta k e  of the  is o to p e  a s  a 
c o n s e q u e n c e  of b l a s t  f o r m a t io n  due to  f a c t o r s  o th e r  th a n  the  
m i to g e n ic i ty  of P H A . W hen  th y m o c y te s  w e r e  p r e - i n c u b a t e d  w ith  
th e  CM f r o m  th y m u s  c u l t u r e s ,  th e  c e l l  r e c o v e r y  w a s  m o r e  
c o n s i s t e n t .  In  a d d i t io n ,  s e v e r a l  b a t c h e s  of CM  cou ld  be  t e s t e d  and  
u s e d  a g a in  i f  p r o v e d  a c t iv e ,  w h e r e a s  a m o n o la y e r  had  a  l im i te d  
l i f e t im e  in  c u l t u r e . H o w e v e r ,  in  bo th  th e s e  s y s t e m s ,  th e  p o s s i b l e  
e f f e c t s  of x e n o g e n e ic  th y m u s  d e r iv e d  f a c t o r s  in th e  c a l f  s e r u m  
s u p p le m e n ts  h a v e  to  be c o n s id e r e d .  T h y m o s in  i s  u s u a l ly  p r e p a r e d  
f r o m  c a l f  th y m u s ;  on th e  o th e r  h an d ,  a  low m .w t.  in h ib i to r  of 
c i r c u l a t i n g  th y m ic  f a c t o r  h a s  b e e n  found in  h u m a n  s e r u m  (B a c h  and  
D a rd e n n e ,  197 3). A ny s i m i l a r  f a c t o r s  in  c a l f  s e r u m  cou ld  a d v e r s e l y  
a f f e c t  p o te n t ia l  in d u c t iv e  e f f e c t s .
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In  b o th  th e s e  s y s t e m s ,  th e  i n c r e a s e s  in  PH A  r e a c t i v i t y  of
th e  t r e a t e d  th y m o c y te s  a r e  l im i t e d  and l e s s  th a n  th a t  ob ta ined  by
so m e  i n v e s t i g a t o r s .  T h e  i n c r e a s e s  s e e n  v a r i e d  w ith  d i f f e re n t
e x p e r im e n t s  an d  a s t im u la t io n  index  of 5 .5  w a s  the  h ig h e s t
o b ta in ed  w hen  c o m p a r e d  to  un  s t im u la te d  c e l l s ,  o r  2 -3  if  c o m p a r e d
125to  u n t r e a t e d  s t im u la te d  c e l l s .  H o w e v e r ,  I tJdR  w a s  u s e d  a s
3the  la b e l le d  DNA p r e c u r s o r  in  th i s  s tudy , w h e r e a s  H T d R  w as  
g e n e r a l ly  em p lo y e d  in  o t h e r s .
I t  i s  p e r h a p s  s u r p r i s i n g  th a t  a m o n o la y e r  c o m p o s e d  
p r e d o m in a n t ly  of m a c r o p h a g e s  i s  ab le  to  c a u s e  an y  m a t u r a t i o n  
a t  a l l  in  th e  t a r g e t  c e l l  p o p u la t io n .  H o w e v e r ,  th e  r e c e n t  
a c c u m u la t io n  of d a ta  on th e  r o le  of m a c r o p h a g e s  and  t h e i r  s e c r e t e d  
f a c t o r s  ih  m o d u la t in g  im m u n e  r e a c t iv i t y  p u ts  th e s e  f in d in g s  in  a 
d i f f e r e n t  c o n te x t  ( to  be  d i s c u s s e d  l a t e r ) .  T h e  f in d in g s  of B e l l e r  
and U nanue  (1977 and 1978) and  of V an  d en  T w e e l  and W a lk e r  (1977) 
a r e  r e l e v a n t  to  the  p r e s e n t  o b s e r v a t i o n s .  T h e s e  i n v e s t i g a t o r s  
found th a t  i m m a t u r e  th y m o c y te s  cou ld  be  in d u c e d  to  d i f f e r e n t i a t e  
by  c o - c u l t u r e  w ith  th y m ic  m a c r o p h a g e s  o r  t h e i r  c u l tu r e  f lu id s .  |
I n c r e a s e d  e x p r e s s i o n  of H . 2 a n t ig e n s ,  d e c r e a s e d  s e n s i t i v i ty  to  
a - T L  + C ' and  a c q u i r e d  r e s p o n s i v e n e s s  to m i to g e n s  w e r e  d e t e c te d  
in  th e s e  c e l l s .  In  th i s  s tu d y ,  c o - c u l t u r e  w ith  m o n o l a y e r s  d e r iv e d  
f r o m  P E C  o r  t h e i r  CM  h ad  a l e s s e r  but n o t i c e a b le  e f fec t on the  
PH A  r e s p o n s i v e n e s s  of th y m o c y te s ,  c o m p a r e d  to  th y m u s  d e r iv e d  
m o n o l a y e r s .  I t  i s  n o t  kn o w n  w h e th e r  d is lo d g e d  m o n o la y e r  c e l l s  
a r e  o b ta in e d  a s  w e l l  d u r in g  r e c o v e r y  of th y m o c y te s  a f t e r  c o - c u l t u r e ;  
if  so ,  th e y  m a y  w e ll  c o n t r i b u te  in  a m a n n e r  s u g g e s te d  by th e s e  
a u t h o r s .
'- Ï
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I t  i s  d i f f ic u l t  to  c o m p a r e  th e  l im i t e d  in d u c t iv e  e f f e c t s  o b ta in e d  
in  th i s  s tu d y  w ith  th e  r e s u l t s  of o th e r  i n v e s t i g a t o r s ,  m o s t  of w hom  
h a v e  u s e d  a x en o g en e ic  s y s t e m ,  M o s i e r  and  P i e r c e  (1972) 
in v e s t ig a te d  th e  e f f e c t s  of c o - c u l t u r e  of m o u s e  th y m o c y te s  u p o n  
sy n g en e ic  m o n o l a y e r s .  T h e i r  in d u c t iv e  e f fe c t s  w e r e  m u c h  g r e a t e r  
th a n  th a t  s e e n  in  t h e s e  e x p e r i m e n t s ;  t h e . r e a c t i v i t y  of t h e i r  c u l tu r e d  
th y m o c y te s  e q u a te d  w ith  th a t  of p e r i p h e r a l  ly m p h o c y te s  in  th e  ML.R, 
r e s p o n s i v e n e s s  to  p h y to m i to g e n s  and h e l p e r  fu n c t io n .  T h e i r  
p e r io d  of c u l tu r e  w a s  m u c h  lo n g e r  and they  id e n t i fy  t h e i r  p u ta t iv e  
e p i th e l i a l  c e l l s  a s  b e in g  PA S n e g a t iv e ,  w h e r e a s  a few  g ly co g en  
c o n ta in in g  l a r g e  c e l l s  w e r e  found in  th i s  s tu d y .  I t  i s  i n t e r e s t i n g  
th a t  th e s e  i n v e s t i g a t o r s  a l s o  o b ta in e d  s o m e  d e g r e e  of in d u c t io n  
w ith  a d h e r e n t  c e l l s  f r o m  the  s p le e n ,  p r e s u m a b l y  m a c r o p h a g e s .
T h e  m o r p h o lo g ic a l  and fu n c t io n a l  c h a r a c t e r i s a t i o n  of th e  
m o n o la y e r  c e l l s  c u l tu r e d  in  th i s  s tudy  c o n f i r m  th e  e a r l i e r  f in d in g s  
of J o r d a n  e t  a l  (1979a) an d  H a r p e r  and S h a rp  (in p r e s s ) ,  of th e  
p r e d o m in a n t  m a c r o p h a g e  c o m p o s i t io n  of c u l tu r e d  th y m ic  s t r o m a l  
c e l l s .  A t t e m p ts  to  d e t e r m i n e  w h e th e r  th e s e  c e l l s  p o s s e s s e d  
s u r f a c e  F c R  gave  in c o n s i s t e n t  r e s u l t s .  I s o la t e d  e r y t h r o c y t e s  
w e r e  found  a d h e r e d  to  t h e i r  s u r f a c e s  u n l ik e  th e  t ig h t  c l u s t e r s  s e e n  
in  m o r e  ty p ic a l  r o s e t t e s .  H o w e v e r ,  if  t h e r e  a r e  a  l im i t e d  n u m b e r  
of F c R  s i t e s  p e r  c e l l ,  t h e s e  w ou ld  b e c o m e  s c a t t e r e d  a s  a c o n s e q u e n c e  
of th e  c e l l  s p r e a d in g  out on th e  s u b s t r a t e .  T h u s ,  any  a t ta c h e d  
e r y t h r o c y t e s  w o u ld  a p p e a r  d i f fu s e ly  s c a t t e r e d  b e c a u s e  of 
th e  c e l l  s p r e a d in g  o u t on th e  s u b s t r a t e ,  a s  s e e n  in  th i s  s tudy ,  
a s s u m in g  th a t  bound F c R  do not c a p .  T h e  m a j o r i t y  of P E C  in e a r l y  
c u l t u r e s  f o r m e d  r o s e t t e s ;  w h e r e a s  in  o ld e r  c u l t u r e s  w h e re  they
88
w e r e  m o r e  s p r e a d  ou t,  th e  a t t a c h e d  e r y th r o c y te s  w e r e  d if fu se  
a s  s een  w ith  th y m u s  m o n o l a y e r s .
T h e  le v e l s  of m i to g e n  r e s p o n s iv e n e s s  a c q u i r e d  in  th e s e
C O - c u l tu r e d  e x p e r i m e n t s  a r e  of th e  s a m e  o r d e r  o b ta in e d  by H a r p e r
and S h a rp ,  though  th e s e  i n v e s t i g a t o r s  h a v e  u s e d  bone  m a r r o w  and
s p le e n  c e l l s  f r o m  a th y m ic  and  th y m u s - d e p r i v e d  m i c e  a s  t h e i r
3t a r g e t  c e l l  p o p u la t io n s ;  in  a d d i t io n ,  th e y  u s e d  H T d R  in c o r p o r a t io n  
a s  a m e a s u r e  of p r o l i f e r a t i o n .  J o r d a n  e t  a l ( l 979b) h a v e  g ra f te d  
th e  c u l tu r e d  c e l l s  in  v ivo  and o b ta in ed  re p o p u la t io n  w ith  h o s t  s t e m  
c e l l s ;  th i s  s u g g e s t s  th a t  a l th o u g h  m a c r o p h a g e s  a r e  th e  p r e d o m in a n t  
c e l l s  in  c u l t u r e ,  th e  e p i th e l i a l  c o m p o n e n t  i s  s t i l l  p r e v a l e n t .  In  
th i s  s tu d y ,  th e  v e r y  low  n u m b e r s  of c e l l s  r e c o v e r e d  by  t r y p s in i s a t i o n  
f r o m  th e  c u l tu r e  f l a s k s  s e v e r e l y  l im i te d  an y  s u c h  a t t e m p t  to  
r e c r e a t e  th e  th y m ic  e n v i ro n m e n t  in  v ivo .
T h e  c o - c u l t u r e  of h a e m o p o ie t ic  c e l l s  w ith  th y m ic  m o n o l a y e r s  
did no t in d u c e  th e  e x p r e s s i o n  of the  T h y ,  1 a n t ig e n  on  th e s e  c e l l s ,  
w ith  th e  p o s s i b l e  e x c e p t io n  of s p le e n  c e l l s  f r o m  nude  m i c e .  An 
a p p ro x ,  t h r e e - f o l d  i n c r e a s e  w a s  s e e n  w ith  t h e s e  c e l l s .  P a p i e r n i k  
et a l  (1975), u s in g  h u m a n  th y m ic  e p i th e l iu m  found th a t  s p le e n  
c e l l s  f r o m  th y m u s  d e p r iv e d  m i c e  w e r e  r e n d e r e d  s e n s i t i v e  to  
a - T h y  1 + C ’ a f t e r  c o - c u l t u r e  a s  d e te c te d  by th e  E - r o s e t t e  a s s a y .
T h e  T h y  1 a n t ig e n  d e te c te d  on 5. 6% of n o r m a l  bone m a r r o w  c e l l s  
m o s t  p r o b a b ly  r e p r e s e n t s '  th e  r e c i r c u l a t o r y  m a t u r e  T c e l l s  in  th a t  
p o p u la t io n .  H o w e v e r ,  H N ^ t r e a t e d  m a r r o w  had  a  s l ig h t ly  lo w e r  
n u m b e r  of T h y  1 b e a r i n g  c e l l s ,  su g g e s t in g  th a t  i t  p r o b a b ly  c o n ta in s  
som e  p o s t - t h y m ic  T c e l l s ,  a l though  in  r e d u c e d  n u m b e r s .  B one  
m a r r o w  ly m p h o c y te s  f r o m  d e n s i ty  g r a d ie n t s  had  a s i m i l a r  n u m b e r  
of T h y  1 p o s i t iv e  c e l l s .  T h i s  m e th o d  of e n r ic h in g  m a r r o w
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ly m p h o c y te s  h a s  b e e n  u s e d  by  P r e s s  and  R o s s e  (1977a) who find  
th e i r  c e l l s  to  be  T h y  1 n e g a t iv e  (C h a p te r  3). I t  i s  of c o u r s e  
p o s s ib le  th a t  h a e m o p o ie t ic  p r e - t h y m i c  c e l l s  w h ich  a r e  know n to  
h a v e  H .2  a n t ig e n s  a l s o  h a v e  th e  T h y  1 a n t ig en ;  s p le e n  c e l l s  f r o m  
a th y m ic  m i c e  a r e  th o u g h t to  h av e  low  but d e t e c ta b le  l e v e l s  of T h y  1. 
V an  den  E n g h  e t  a l  (1978) h a v e  d e te c te d  H . 2 a s  w e l l  a s  a n  a n t ig e n  
a s s o c i a t e d  w ith  b r a i n  t i s s u e  on  m u l t ip o t e n t i a l  s t e m  c e l l s .  A 
h e t e r o a n t i s e r a  su ch  a s  the  one u s e d  in  th i s  s tu d y  co u ld  v e r y  w e ll  
c r o s s - r e a c t  w ith  d e t e r m i n a n t s  on  a n t ig e n s  o th e r  th a n  T h y  1.
I t  i s  a c c e p te d  th a t  c o r t i s o n e  r e s i s t a n c e  of m e d u l l a r y  
th y m o c y te s  i s  a  c o n s e q u e n c e  of a m a tu r a t i o n a l  e v e n t  in  c o r t i s o n e  
s e n s i t iv e  c o r t i c a l  c e l l s  in  v iv o .  S e n s i t iv i ty  of th y m o c y te s  to  the  
s e x - s t e r o i d  t e s t o s t e r o n e  in  v i t r o  w as  n o t  found to  be  a f fe c te d  a f t e r  
p r i o r  e x p o s u re  to  th y m ic  m o n o l a y e r s  o r  t h e i r  s u p e r n a t a n t s .
A s t a ld i  e t  a l  (1977) h a v e  found th a t  a  f a c t o r  f r o m  h u m a n  s e r u m  w a s  
ab le  to  e n r i c h  th e  c o r t i s o n e  r e s i s t a n t  p o p u la t io n  of m o u s e  th y m o c y te s  
upon  in c u b a t io n .
T h i s  s tudy  h a s  c o n f i r m e d  the  r e c e n t  f in d in g s  of o th e r  
i n v e s t i g a t o r s  th a t  c u l t u r e  of s t r o m a l  c e l l s  f r o m  m o u s e  th y m u s  
a s  m o n o l a y e r s ,  d o e s  n o t  e n r i c h  f o r  e p i th e l i a l  c e l l s  a s  h a s  b e e n  
b e l ie v e d  p r e v io u s l y .  A ny  d e g r e e  of ly m p h o id  d i f f e r e n t i a t io n  
in d u c e d  by th e s e  c e l l s  th ro u g h  t h e i r  i n t e r a c t io n  o r  s e c r e t e d  
so lu b le  f a c t o r s  on h a e m o p o ie t ic  c e l l s  i s  m i n im a l .
C H A P T E R  2 
O r g a n  c u l tu r e  of e m b ry o n ic  th y m u s
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IN TR O D U C TIO N
T h e  e a r l y  l i t e r a t u r e  d e s c r i b e s  the u s e  of t i s s u e  c u l tu r e  
te c h n iq u e s  f o r  in v e s t ig a t in g  th e  h i s to g e n e s i s  of the th y m u s  ( E m m a r t  
1936); la c k  of s u c c e s s  in  o b ta in in g  ly m p h o id  d e v e lo p m e n t  be ing  
a t t r ib u t e d  to p o o r  c u l tu r e  c o n d i t io n s .  T i s s u e  c u l tu r e  of o rg a n  
e x p la n ts  on i n e r t  s t r a t a  s u ch  a s  l e n s  p a p e r  (C hen , 1954) o r  
m o d if ie d  by s u p p o r t  on m e ta l  g r id s  (T ro w e l l ,  1954) h ave  p ro v id e d  
a  u s e fu l  m e a n s  of s tudy ing  c e l l u l a r  g ro w th  and fu n c t io n ,  w ithou t 
d i s r u p t i o n  of th e  i n t e g r i t y  of th e  t i s s u e .
A u e r b a c h  ( I9 6 0  and 1961) im p ro v e d  the  te c h n iq u e s  and o b ta in ed  
ly m p h o id  d e v e lo p m e n t  in  v i t r o , and  B a l l  and  A u e r b a c h  (I960) 
u t i l i s e d  a m o d if ie d  f i l t e r  w e l l  m e th o d  to  c u l tu r e  e m b ry o n ic  th y m u s .  
O w en e t a l  (1974) f u r t h e r  m o d i f ie d  the  s y s te m  to c u l tu r e  fo e ta l  l i v e r  
e x p la n ts  on m e m b r a n e  f i l t e r s  f lo a t in g  on c u l tu r e  m e d iu m  a t  an  
in te r fa c e  of h u m id if ie d  5% CO^ in a i r .  S u r f a c e  im m u n o g lo b u l in  
b e a r in g  ly m p h o id  c e l l s  w e r e  found to  d i f f e r e n t i a t e  in  v i t r o , s u g g e s t in g  
th a t  the  m a m m a l i a n  b u r  s a - e q u iv a le n t  m ig h t  be the  l i v e r  d u r in g  
e m b ry o n ic  l i f e ,  R o b in s o n  and O wen (1976 and 1977) h av e  u t i l i s e d  
th is  s y s t e m  to s tudy  the  on togeny  of im m u n o c o m p e te n c e  in  fo e ta l  
th y m u s ,  and  f u r t h e r m o r e  to  g e n e r a t e  t o l e r a n c e  in  v i t r o ; the
s y s te m  h a s  the a d v a n ta g e  of in v e s t ig a t in g  th y m o c y te  m a t u r a t i o n  in  
an  e s s e n t i a l l y  c lo s e d  s y s t e m .  T u fv e s o n  et a l  (1976) and J u h l in  e t  a l
(1978) h av e  s i m i l a r l y  s tu d ie d  the on togeny  of m i to g e n  r e s p o n s iv e n e s s  
and a c q u i s i t i o n  of M LC r e a c t iv i t y  in  c u l tu r e d  e m b ry o n ic  m o u s e  
th y m u s .  T h e s e  i n v e s t i g a t o r s  h ave  u t i l i s e d  the  s y s t e m  to  p r o m o te  
lym p h o id  d e v e lo p m e n t  in  v i t r o .
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In th i s  s tu d y ,  an  o rg a n  c u l tu r e  s y s t e m  w a s  em p lo y e d  to  
s e le c t iv e ly  d e p le te  en d o g en o u s  ly m p h o id  p r e c u r s o r s  in  fo e ta l  
th y m ic  e x p la n ts  in  o r d e r  to  o b ta in  an  e n r ic h e d  p o p u la t io n  of 
e p i th e l i a l  o r  r e t i c u l u m  c e l l s .  I t  w as  in te n d e d  to r e in t r o d u c e  a 
p o p u la t io n  of ly m p h o id  p r e c u r s o r  c e l l s  in to  a n  e p i th e l i a l ,  a ly m p h o id  
th y m u s  and  s u b s e q u e n t ly  c u l t u r e  the  r e c o n s t i tu t e d  o r g a n  to p r o m o te  
ly m p h o id  d e v e lo p m e n t .  I t  w a s  e n v isa g e d  th a t  su ch  a n  e x p e r i m e n t a l  
p ro to c o l  w ould  en a b le  th e  th y m u s  s eed in g  c a p a c i ty  of p u r i f i e d  
p o p u la t io n s  of h a e m o p o ie t ic  c e l l s  to be e v a lu a te d .  T h i s  would in  
tu r n  p r o v id e  so m e  in s ig h t  in to  any  p o s s ib le  d i v e r s i t y  w ith in  the  
s te m  c e l l  p o p u la t io n s  c o m m i t t e d  to  the T ly m p h o c y te  l in e a g e  of 
d i f f e r e n t ia t io n .  A p o s s i b l e  c e l l u l a r  c a n d id a te  f o r  the p r o p o s e d  
r e c o n s t i tu t i o n  e x p e r i m e n t s  w ould  be th e  bone m a r r o w  c e l l s  f r o m  
m ic e  p r e v io u s l y  t r e a t e d  w ith  n i t r o g e n  m u s t a r d  (H N ^). A n o th e r  
c e l l  p o p u la t io n  th a t  co u ld  be  in v e s t ig a t e d  fo r  i t s  th y m u s  r e p o p u la t in g  
p o te n t ia l  w ould  be th a t  f r a c t i o n  of p r e - t h y m i c  b o n e  m a r r o w  
ly m p h o c y te s  i s o la te d  by s u c r o s e  d e n s i ty  g r a d ie n t  c e n t r i f u g a t io n  
( P r e s s  and R o s s e ,  1977a and C h a p te r  3). Any su ch  c e l lu l a r  
r e c o n s t i tu t i o n  in  v i t r o  a c r o s s  the  h i s o c o m p a ta b i l i t y  b a r r i e r  m ig h t  
p o s s ib ly  e lu c id a te  w hen  if a t  a l l ,  t o l e r a n c e  co u ld  be  in d u c ed  d u r in g  
T c e l l  m a t u r a t i o n  in  an  a l lo g e n e ic  th y m ic  e n v i ro n m e n t .  A th y m u s  
devoid  of ly m p h o id  c e l l s  w ould  a l s o  p ro v id e  a  s u i ta b le  s o u r c e  of 
e n r ic h e d  e p i th e l i a l  c e l l s  f o r  c u l tu r e  a s  m o n o l a y e r s  (C h a p te r  1).
T h e  r a t i o n a l e  f o r  u s in g  fo e ta l  th y m ic  t i s s u e  w a s  p r i m a r i l y  b e c a u s e  
of i t s  r e l a t i v e  s p a r s i t y  of ly m p h o id  c e l l s  c o m p a r e d  to the  ad u l t  
o r g a n ,  and  i t s  s m a l l  s iz e  w h ich  r e n d e r s  i t  s u i ta b le  f o r  o rg a n  c u l tu r e  
in  i t s  e n t i r e ty .  F u r t h e r m o r e ,  fo e ta l  t i s s u e  s t i l l  b e in g  in  th e  g ro w th  
p h a s e  m a y  p ro v e  m o r e  a d a p ta b le  to c o n d i t io n s  in  v i t r o .
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P R O C E D U R E
1. O rg a n  c u l tu r e  te c h n iq u e s
D e ta i l s  of the  o r g a n  c u l tu r e  t e c h n iq u e s  a r e  d e s c r ib e d  in  
d e ta i l  in  the  M a t e r i a l s  and M e th o d s  se c t io n ;  on ly  th o s e  e x p e r i m e n t a l  
p r o to c o l s  th a t  w e r e  e m p lo y e d  to  f a v o u r  d e p le t io n  o r  a m p l i f i c a t io n  
of the  ly m p h o id  c e l l  p o p u la t io n  w il l  be d e s c r ib e d  in  th i s  s u b s e c t io n ,
(A) T h e  c u l tu r e  c o n d i t io n s  d e s c r ib e d  by  R o b in s o n  an d  O w en
(1976) w ith  few  m o d i f ic a t io n s  w e r e  a p p l ie d  to  f a v o u r  ly m p h o id  
d e v e lo p m e n t  in  th e  fo e ta l  th y m u s .  T h e  e x p la n ts  w e r e  c u l tu r e d  in  
R P M I m e d iu m  c o n ta in in g  10% EC S in  a h u m id if ie d  a t m o s p h e r e  of 
5% CO /95% A i r .
(B) In  o r d e r  to d e p le te  th e  e x p la n ts  of t h e i r  en d o g en o u s
ly m p h o id  c e l l s ,  a v a r i e t y  of c u l tu r e  c o n d i t io n s  w e r e  t e s t e d ,  w h ich  
in c lu d ed  th e  u s e  of s e r u m  su p p le m e n t  and  the  g a s e o u s  c o m p o s i t io n  
of th e  a t m o s p h e r e .  T h e  o p t im a l  c u l tu r e  c o n d i t io n s  f o r  in h ib i t in g  
lym pho id  d e v e lo p m e n t ,  yet p e r m i t t i n g  e p i th e l i a l  g ro w th  w as  found 
to be  i n i t i a l  c u l tu r e  of th e  e x p la n ts  in  W a y m o u th 's  m e d iu m  w ithou t 
s e r u m ,  u n d e r  a  h u m id if ie d  a t m o s p h e r e  of 5% C O ^ / 95% T h e
m e d iu m  w a s  r e p la c e d  4 8-7  2 h o u r s  l a t e r  w ith  e i t h e r  W a y m o u th 's  o r  
R P M I m e d iu m ,  b u t  b o th  c o n ta in in g  10% F C S . T h e  g a s e o u s  
c o m p o s i t io n  w a s  m a in ta in e d  a s  b e f o r e .  T h e  t im in g  w as  no t found 
to  be  c r i t i c a l ,  a s  c u l t u r e s  w e r e  no t a d v e r s e l y  a f fe c te d  if  the  
c o n d i t io n s  w e r e  ch an g e d  up to 72 h o u r s  a f t e r  s t a r t  of the  c u l tu r e .  
A p p ro x im a te ly  4 d a y s  u n d e r  t h e s e  c o n d i t io n s  w as  s u f f ic ie n t  to 
d e p le te  in d iv id u a l  lo b e s  of 15 day  fo e ta l  th y m u s .  B a r g e r  e x p la n ts  
w e r e  m a in ta in e d  f o r  a t  l e a s t  6 d a y s  u n d e r  s i m i l a r  c o n d i t io n s  to 
d e p le te  t h e i r  ly m p h o id  c e l l s .
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2. R e c o n s t i tu t io n  of ly m p h o id  d e p le te d  th y m u s
(A) L y m p h o id  d e p le te d  e x p la n ts  w e r e  in je c te d  w ith  s u s p e n s io n s
of h a e m o p o ie t ic  c e l l s  and s u b s e q u e n t ly  c u l tu r e d  in  c o n d i t io n s  to  
p r o m o te  ly m p h o id  d e v e lo p m e n t ,  a s  d e s c r ib e d  p r e v io u s l y .  I n je c t io n s  
w e r e  c a r r i e d  out w ith  g l a s s  c a p i l l a r y  tu b e s  o r  m i c r o s y r i n g e s  
c o n ta in in g  e i t h e r  bone  m a r r o w  c e l l s  f r o m  HN^ t r e a t e d  m ic e  o r  
n o r m a l  bone  m a r r o w  i s o la t e d  on s u c r o s e  d e n s i ty  g r a d ie n t s  (C h a p te r  
3). In  a d d i t io n ,  th y m o c y te s  f r o m  u n t r e a te d  15 d ay  fo e ta l  th y m u s e s  
m e c h a n ic a l ly  t e a s e d  a p a r t  w e r e  u s e d .  T h e s e  c e l l s  w e r e  in je c te d  
in to  c o m p o s i te  e x p la n ts  c o m p r i s e d  of 4 -6  in d iv id u a l  f o e ta l  th y m u s  
lo b e s  fu se d  to g e th e r .  T h e s e  w e r e  o b ta in ed  by c o - c u l tu r in g  
in d iv id u a l  e x p la n ts  c l o s e l y  a p p o se d  to e a c h  o th e r  f o r  6 d a y s  u n d e r  
c o n d i t io n s  in h ib i to r y  f o r  ly m p h o id  g ro w th .
(B) H a e m o p o ie t ic  c e l l s  w e r e  r e in t r o d u c e d  in to  ly m p h o id  d e p le te d  
c o m p o s i te  e x p la n ts  by  fu s io n  w ith  an  u n t r e a t e d  14 d ay  fo e ta l  th y m ic  
ru d im e n t .  T h e  p r o c e s s  w a s  s i m i l a r  to  th a t  d e s c r ib e d  p r e v io u s l y ,  
e x c e p t  u n d e r  c o n d i t io n s  to  p r o m o te  lym p h o id  d e v e lo p m e n t .  A f te r  
fu s io n ,  m i g r a t i o n  of ly m p h o b la s t s  f r o m  the  y o u n g e r  to th e  
t e m p o r a l l y  o ld e r  e x p la n t  o c c u r s ,  th u s  re p o p u la t in g  th e  l a t t e r .
(C) In  a f u r t h e r  a t t e m p t  to  r e c o n s t i tu t e  th e  in d iv id u a l  c e l l u l a r  
c o m p o n e n ts  of the th y m u s  in  v i t r o ,  t r y p s in i s e d  fo e ta l  th y m ic  t i s s u e  
w as  r e - a g g r e g a t e d  in  a g a r  tu b e s  and s u b se q u e n t ly  c u l tu r e d  u n d e r  
c o n d i t io n s  to p r o m o t e  ly m p h o id  g ro w th .
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R E S U L T S
In th e  s u b s e q u e n t  te x t ,  th e  t e r m  " e x p la n t s "  r e f e r  to s in g le  
lo b e s  of e m b ry o n ic  th y m u s  a t  15 d a y s  of g e s ta t io n ,  u n l e s s  
o th e rw is e  s t a t e d .  P l a t e s  (20) and  (21) a r e  p h o to g ra p h s  ta k e n  
f r o m  p u b l ish e d  d r a w in g s  of h i s to lo g ic a l  s e c t io n s  of h u m a n  fo e ta l  
and n e w b o rn  c a l f  th y m u s  r e s p e c t i v e l y  by  H a m m a r  (1905).
P l a t e s  (22)-(34) a r e  p h o to m ic r o g r a p h s  of h i s to lo g ic a l  s e c t io n s  
of u n t r e a te d  fo e ta l  th y m u s  f r o m  14-17 d a y s  of g e s ta t io n ,  and  th e  
c o r r e s p o n d in g  c y to c e n t r i f u g e  p r e p a r a t i o n s  of c e l l s  t e a s e d  f r o m  the  
o r g a n .  T h e s e  a r e  in c lu d e d  to i l l u s t r a t e  the  h i s to g e n e s i s  of the  
o r g a n  in  v ivo  in  l a te  e m b ry o n ic  l i fe  w hen ly m p h o p o ie s i s  i s  m o s t  
a c t iv e .  T h e y  a r e  a l s o  in c lu d e d  to  c o m p a r e  th e  m o rp h o lo g y  of 
th y m u s  e x p la n ts  a f t e r  v a r y in g  c u l tu r e  c o n d i t io n s  and  e x p e r i m e n t a l  
p r o to c o l s ,  w h ich  c o m p r i s e  the r e s t  of the d a ta  of th i s  c h a p t e r .
A lthough  i t  w a s  p o s s ib le  to  d e t e c t  the f o e ta l  th y m u s  u n d e r  a 
d i s s e c t i n g  m i c r o s c o p e  a t  13 d ay s  of g e s ta t io n ,  i t s  e x t i r p a t i o n  and  
s u b se q u e n t  e x p e r i m e n t a l  m a n ip u la t io n  p o se d  e n o r m o u s  te c h n ic a l  
d i f f i c u l t i e s .  T h e s e  p r o b le m s  cou ld  be o v e r c o m e  w ith  14 day  
o rg a n s ;  h o w e v e r  th e  e m b ry o n ic  th y m u s  a t  15 d a y s  a p p e a r e d  a s  a 
p a i r e d  s t r u c t u r e  and  cou ld  be  c o n f id e n t ly  r e m o v e d  w ithou t o th e r  
c o n ta m in a t in g  t i s s u e  and  m a n ip u la te d  e x p e r i m e n t a l ly  w ith  e a s e .
A t 14 d a y s  g e s ta t io n ,  th e  o r g a n  i s  c o m p o s e d  of a few  d a rk ly  s ta in e d  
b a s o p h i l ic  c e l l s  i n t e r s p e r s e d  a p p a r e n t ly  r a n d o m ly  a m o n g  the  
p a l e - s t a in i n g  e p i th e l i a l  c e l l s  of th e  r u d im e n t  ( P la t e  23). T h e r e  
d o es  no t a p p e a r  to  be a w e l l - m a r k e d  c o r t i c a l / m e d u l l a r y  o r g a n i s a t io n  
in  th e  e m b ry o n ic  o r g a n  a s  in  the  ad u l t .  C e l l s  t e a s e d  a p a r t  
m e c h a n ic a l ly  f r o m  th e  o rg a n  a r e  p r e d o m in a n t ly  ly m p h o b la s t s  and 
not e p i th e l i a l  c e l l s ,  a s  s e e n  in  th e  c y to c e n t r i fu g e  p r e p a r a t i o n s
P la t e  (20) D ra w in g  of a s e c t io n  f r o m  a 70 m m  h u m a n  fo e ta l  
th y m u s .
( F r o m  H a m m a r ,  1905)
P l a t e  (21) H a s s a l l ' s  c o r p u s c l e  in  n e w b o rn  c a l f  th y m u s .  
(A s above)
P la t e  (22) T h y m u s  f r o m  14 day  m o u s e  e m b ry o .
H a e m a to x y l in  and  E o s in  (H and  E) x 120

p l a t e  (23) T h y m u s  f r o m  14 d ay  m o u s e  e m b ry o .  Few, d a r k ly  
s ta in in g  b a s o p h i l ic  ly m p h o id  c e l l s  a r e  s e e n  a m o n g s t  
th e  p a l e r  e p i th e l i a l  r e t i c u lu m  of th e  o rg a n .
H and  E x  480
P la t e  (24) C y to s p in  p r e p a r a t i o n  of ly m p h o id  c e l l s  f r o m  above  
w h ich  a r e  p r e d o m in a n t ly  ly m p h o b la s t s .
J  and G x 1200
P la t e  (25) T h y m u s  f r o m  15 d ay  m o u s e  e m b ry o ,  




P la t e  (26) T h y m u s  f r o m  15 d ay  m o u s e  e m b ry o ,
H and E x  4 800
P la t e  (27) H ig h e r  m a g n i f ic a t io n  of ab o v e .  
H and  E x  1200
P la t e  (28) C y to s p in  p r e p a r a t i o n  of ly m p h o id  c e l l s  f r o m  
ab o v e .
J  and  G x 1200
% ,  A
% I#9.
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P l a t e  (29) T h y m u s  f r o m  15 day  m o u s e  e m b ry o .  T h e  o rg a n  
i s  e v id e n t ly  m o r e  ly m p h o id  th a n  a t  e a r l i e r  s ta g e s  
of g e s ta t io n .
H and  E  x 120
P l a t e  (30) H ig h e r  m a g n i f ic a t io n  of a b o v e .  
H and  E x 4 80
P l a t e  (31) C y to s p in  p r e p a r a t i o n  of ly m p h o id  c e l l s  f r o m  above. 




P l a t e  (32) T h y m u s  f r o m  17 d ay  m o u s e  e m b ry o .
H and  E x  120
P l a t e  (33) H ig h e r  m a g n i f ic a t io n  of a b o v e .  
H and  E  x  4 80
P l a t e  (34) C y to s p in  p r e p a r a t i o n  of ly m p h o id  c e l l s  f r o m  ab o v e ,  
som e of w hich  a r e  m o r e  ty p ic a l  of s m a l l  
ly m p h o c y te s .
J  and G x  1200
*# à$ a
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( P la t e s  24, 28, 31 and  34). L a r g e  c e l l s  p r e d o m in a te  in  th e s e  
p r e p a r a t i o n s  a t d a y s  14 and  15 and a r e  p r e s u m a b l y  ly m p h o b la s t s .  
S m a l l e r  c e l l s  a r e  m o r e  n u m e r o u s  a t  16 and  17 d a y s  and  so m e  h av e  
the " h a n d - m i r r o r "  a p p e a r a n c e  m o r e  ty p ic a l  of s m a l l  ly m p h o c y te s .  
W hile  th e  f o e ta l  o r g a n  e x p o n e n t ia l ly  i n c r e a s e s  i t s  ly m p h o id  
p o p u la t io n  b e tw e e n  1 4 -1 8  d a y s  (M .H .  C a r r ,  p e r s o n a l  c o m m u n ic a t io n ) ,  
the  e n t i r e  o r g a n  i n c r e a s e s  r a p id ly  in  s iz e  d u r in g  th a t  t im e .  T h u s  
e f fe c t iv e ly  th e  d e n s i ty  of ly m p h o id  c e l l s  d o es  n o t  i n c r e a s e  a s  
d r a m a t i c a l ly  a s  w ould  be e x p e c te d  f r o m  a k in e t ic  s tu d y  d u r in g  th a t  
t i m e .  A s  th e  ly m p h o id  c e l l s  a r e  r e l a t i v e ly  s p a r s e  up t i l l  th e  16th 
day  of g e s ta t io n ,  i t  w a s  d e c id e d  to  u s e  15 day  f o e ta l  th y m u s  fo r  th e  
e x p e r i m e n t a l  p r o t o c o l s .
L y m p h o id  d e v e lo p m e n t  in  c u l tu r e
P l a t e  (35) is  a  lo w -p o w e r  p h o to m ic r o g r a p h  of an  e x p lan t  
c u l tu r e d  u n d e r  ly m p h o id  g r o w th - p r o m o t in g  c o n d i t io n s  fo r  4 d a y s .
A s  s e e n  in  th i s  s e c t io n ,  ly m p h o id  d e v e lo p m e n t  o f te n  o c c u r r e d  m o r e  
p r e f e r e n t i a l l y  a t  the  s u b c a p s u la r  p e r ip h e r y ,  g iv ing  the  a p p e a r a n c e  
of a m o r e  d e n s e ly  ly m p h o id  " c o r t e x "  and a r e l a t i v e ly  a c e l l u l a r  
" m e d u l l a " .  A " ly m p h o id  m e d u l la "  a lone  w a s  no t s e e n  in  any  of th e  
c u l t u r e s  e x a m in e d ,  i t  i s  p e r h a p s  s ig n if ic a n t  th a t  m i to t i c  c e l l s  w e r e  
s e e n  m o r e  f r e q u e n t ly  in  the  " c o r t e x "  and not in  the  " m e d u l la  " ,
P l a t e  (36) is  a  p h o to m ic r o g r a p h  of the  Ju n c t io n a l  a r e a  of the  
" c o r t e x / m e d u l l a " .  P a l e - s t a in in g  e p i th e l i a l  c e l l s  a r e  m o r e  
n u m e ro u s  a t  th e  r ig h t  of the  p i c t u r e  and  m o r e  d a r k ly - s t a in in g  
b a s o p h i l ic  ly m p h o id  c e l l s  on th e  le f t ,  w ith  a few  c e l l s  in  m i t o s e s .  
P l a t e  (37) i s  an  e l e c t r o n m i c r o g r a p h  of an  ex p lan t  f r o m  a s i m i l a r  
c u l t u r e .  L y m p h o id  c e l l  n u c le i  a r e  m o r e  e l e c t r o n  d e n s e ,  p a r t i c u l a r l y
P l a t e  (35) 15 day  f o e ta l  th y m u s  c u l tu r e d  to  p r o m o t e  ly m p h o id
g ro w th .  A p p e a r a n c e  of a d e n s e r  " c o r t e x "  and 
s p a r s e l y  ly m p h o id  " m e d u l l a " .
H and  E x 120
P l a t e  (36) H ig h e r  m a g n i f ic a t io n  of ju n c t io n a l  a r e a  of 
" c o r t e x / m e d u l l a "  f r o m  a b o v e .  T h e
• ly m p h o id  a r e a  on the  le f t  c o n ta in s  a few  
m i to t ic  c e l l s .
H and E  x  4 80
V>-
P la t e  (37) E l e c t r o n m i c r o g r a p h  of an  e x p ia n t  c u l tu r e d  f o r
4 d a y s  u n d e r  ly m p h o id  g ro w th  p ro m o t in g  c o n d i t io n s ,  
T h e  ly m p h o id  c e l l  n u c le i  c a n  be d is t in g u is h e d  by 
t h e i r  e l e c t r o n - d e n s e  p e r i p h e r a l  h e t e r o c h r o m a t i n .
X 6500
P l a t e  (38) C y to s p in  p r e p a r a t i o n  f r o m  a n  ex p la n t  c u l tu r e d  as  
ab o v e .  T h e  c e l l s  a r e  s m a l l e r  and h av e  the 
m o rp h o lo g y  of s m a l l  ly m p h o c y te s ,  u n l ik e  the  
l a r g e r  ly m p h o b la s t s  f r o m  u n c u l tu r e d  e x p la n ts .
J  and G x 4 80
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in  the  p e r i p h e r a l  h e t e r o c h r o m a t i n .  P l a t e  (3 8) i s  a  c y to c e n t r i fu g e  
p r e p a r a t i o n  of c e l l s  t e a s e d  f r o m  s u ch  a c u l tu r e d  e x p la n t .  T h e  
c e l l s  a r e  g e n e r a l ly  s m a l l e r  th a n  the  l a r g e  b a s o p h i l ic  s te m  c e l l s  
p r e p a r e d  f r o m  u n t r e a t e d  14 an d  15 d ay  fo e ta l  th y m ic  t i s s u e  
( P l a t e s  24 and  28),. and  the  s m a l l e r  c e l l s  r e s e m b l e  ly m p h o c y te s .  
T h e  c u l tu r e  c o n d i t io n s  a r e  a p p a r e n t ly  c a p a b le  of s u s ta in in g  
ly m p h o id  g ro w th ,  a s  m i to t i c  c e l l s  a r e  s e e n  in  th i s  p r e p a r a t i o n .
L y m p h o id  d e p le t io n  in  c u l t u r e
P l a t e  (39) show s a  s e c t io n  f r o m  an  e x p la n t  c u l tu r e d  u n d e r  
c o n d i t io n s  in h ib i to r y  to ly m p h o id  g ro w th  f o r  4 d a y s .  T h e  t i s s u e  
is  e s s e n t i a l l y  d e p le te d  of ly m p h o c y te s ,  w h e r e a s  th e  r e t i c u lu m  
c e l l s  h a v e  a p p a r e n t ly  s u rv iv e d  the  c u l tu r e  c o n d i t io n s .  T h e  few  
pykno tic  c e l l s  s e e n  a r e  p ro b a b ly  th o s e  of d ead  ly m p h o id  c e l l s .
A c e l l  in  th e  t e lo p h a s e  s ta g e  of m i t o s i s  i s  p r e s u m e d  to  be an  
e p i th e l i a l  c e l l  in  d iv i s io n .  P l a t e  (4 0) is  a h ig h e r  m a g n i f ic a t io n  
of the s a m e  s e c t io n .
W hen th e  c u l tu r e d  e x p la n ts  w e r e  t r a n s f e r r e d  to  f l a s k s  and  
c u l tu r e d  so a s  to  o b ta in  m o n o l a y e r s  (C h a p te r  1), no c e l l u l a r  
ou tg row ths  w e r e  o b ta in e d  in  an y  of the  s e v e r a l  a t t e m p t s .
C o m p o s i t e  fo e ta l  th y m u s  by fu s io n  in  c u l tu r e
A t te m p ts  w e r e  m a d e  to  r e c o n s t i t u t e  the  ly m p h o id  d e p le te d  
e x p la n ts  by in je c t in g  p o p u la t io n s  of h aem o p o ie t ic .  c e l l s ;  in  m o s t  
c a s e s ,  th e  t r a u m a  c a u s e d  to  th e  e x p la n ts  r e n d e r e d  i t  u n s u i ta b le  
f o r  f u r t h e r  c u l t u r e .  T h e  m in u te  s iz e  of th e  e x p la n ts  s e v e r e l y  
l im i t e d  t h e i r  e x p e r i m e n t a l  m a n ip u la t io n .  T h e  p r o b le m  of s iz e  
w as  o v e r c o m e  by o b ta in in g  l a r g e r  c o m p o s i te  e x p la n ts  by fu s in g
P l a t e  (39) 15 day  fo e ta l  th y m u s  c u l tu r e d  to d e p le te  end o g en o u s
ly m p h o id  c e l l s  f o r  4 d a y s .  T he  e x p la n t  i s  
p r e d o m in a n t ly  e p i th e l i a l ,  show ing  such  a  c e l l  in  
d iv i s io n .
H and  E x  4 80
P la t e  (40) H ig h e r  m a g n if ic a t io n  of above .  
H and E x  1200
P la t e  (41) A c o m p o s i te  e x p la n t  c o m p o s e d  of t h r e e  15 day
e x p la n ts ,  fu se d  and c u l tu r e d  to d e p le te  ly m p h o id  
c e l l s  f o r  3 d a y s .  T h e  pykno tic  r e m a i n s  of 
ly m p h o id  c e l l s  a r e  s e e n  am ong  the s u rv iv in g  
e p i th e l iu m .




to g e th e r  in d iv id u a l  15 d a y  f o e ta l  th y m ic  lo b e s  i n ' v i t r o .
W hen  two o r  m o r e  e x p la n ts  w e r e  c o - c u l t u r e d  ju x ta p o s e d  
to e a c h  o th e r  f o r  a p p r o x im a te ly  two d a y s ,  th e  in d iv id u a l  c o n n e c t iv e  
t i s s u e  c a p s u l e s  w e r e  found to c o a l e s c e  to g e th e r  to  f o r m  a  m u c h  
l a r g e r  c o m p o s i te  e x p l a n t . .  L y m p h o id  g ro w th  o r  d e p le t io n  
p r o c e e d e d  u n d e r  th e  a p p r o p r i a t e  c u l tu r e  cond itions ,  8 -10  In d iv id u a l  
e x p la n ts  cou ld  be fu s e d  to g e th e r  and s u b s e q u e n t ly  c u l tu r e d ;  bu t 
th e  v e r y  l a r g e  c o m p o s i t e  e x p la n ts  w e r e  found to  s u r v iv e  p o o r ly  in  
c u l tu r e ,  w ith  c e n t r a l  n e c r o s i s  o ften  o c c u r r i n g .  A s  a w o rk a b le  
c o m p r o m is e ,  no  m o r e  th a n  4 - 6  e x p la n ts  w e r e  u s u a l ly  J&ised in  c u l t u r e .
P l a t e  (41) show s 3 e x p la n ts  fu s e d  in  c u l tu r e  f o r  3 d ay s  u n d e r  
ly m p h o id  d e p le t in g  c o n d i t io n s .  T h e  in d iv id u a l  lo b e s  a r e  f i r m l y  
a t ta c h e d  to  e a c h  o t h e r  by  a  c o a l e s e n c e  of t h e i r  c a p s u l a r  t i s s u e .  
P y k n o t ic  c e l l s  a r e  s e e n  a m i d s t  th e  su rv iv in g  e p i th e l i a l  c e l l s  and 
a r e  p r o b a b ly  d ead  ly m p h o id  c e l l s .  In  l a t e r  c u l t u r e s ,  pykno tic  
c e l l s  a p p e a r e d  c o n f in e d  to th e  ju n c t io n a l  a r e a s  b e tw e e n  fu s e d  e x p la n ts  
(P la te  42 ).  T o  in v e s t i f a te  w h e th e r  dead  c e l l s  w e r e  l o s t  by e x t ru s io n  
out of th e  e x p la n t ,  th e  m e d ia  f r o m  th e s e  c u l t u r e s  w e r e  c o l le c te d  
w hen  c h an g e d  and  c y to c e n t r i f u g e  p r e p a r a t i o n s  m a d e .  N oth ing  
r e s e m b l in g  l iv in g  o r  d ead  c e l l s  w e r e  s e e n ,  a l th o u g h  d a r k ly  s ta in e d  
c lu m p e d  m a t e r i a l  th a t  co u ld  p o s s ib ly  b e  c e l l u l a r  d e b r i s  w e r e  s e e n .  
P l a t e s  (4 3) and (44) show  a  s e c t io n  f r o m  su ch  a  fu s e d ,  d e p le te d  
c o m p o s i te  ex p lan t  c u l tu r e d  f o r  6 d a y s .  I t  c a n  be  s e e n  th a t  th e  
e p i th e l i a l  c e l l s  h a v e  s u rv iv e d  and  th e r e  i s  a s c a r c i t y  of ly m p h o id  
c e l l s .  ' P l a t e  (45) i s  an  e l e c t r o n m i c r o g r a p h  p r e p a r e d  f r o m  a 
s i m i l a r  c o m p o s i te  e x p la n t ,  show ing  p a r t  of th e  c y to p la s m  of an  
e p i th e l ia l  c e l l .  T he  e l e c t r o n - d e n s e  m a t e r i a l  s c a t t e r e d  th ro u g h o u t  
a r e  p ro b a b ly  g y co g en  g r a n u le s  and  m e a s u r e  a p p ro x .  150 m i c r o n s
P la t e  (42) A c c u m u la t io n  of pykno tic  c e l l s  in  ju n c t io n a l  a r e a s  
of fu se d  e x p la n ts ,  c u l tu r e d  f o r  3 d a y s  to  d e p le te  
ly m p h o id  c e l l s .
H and  E x  4 80
P la t e  (43) F u s e d  c o m p o s i te  ex p la n t  c u l tu r e d  a s  above  fo r
6 d a y s .  T h e  ex p la n t  a p p e a r s  e s s e n t i a l l y  devo id  
of ly m p h o id  c e l l s  w hile  the  e p i th e l i a l  c e l l s  h av e  
s u rv iv e d  in  c u l tu r e .
H and  E x  4 80
P la t e  (44) H ig h e r  m a g n i f ic a t io n  of a b o v e .  
H and  E  x 1200

P l a t e  (4 5) E l e c t r o n m ic  r o g r a p h  p r e p a r e d  f r o m  a fu s e d ,  
c o m p o s i te  e x p la n t  c u l tu r e d  u n d e r  ly m p h o id  
d e p le t in g  c o n d i t io n s  f o r  6 d a y s .  T h e  c y to p la s m  
of an  e p i th e l i a l  c e l l  i s  s e e n  c o n ta in in g  w hat a r e  
p r e s u m e d  to  be  g ly c o g e n  g r a n u le s  and  p o s s ib ly  
a ju n c t io n a l  c o m p le x  (a r ro w e d )
P l a t e  (4 6) A n  e x p la n t  p r e v io u s l y  c u l tu r e d  fo r  8 d a y s  to
d e p le te  i t s  ly m p h o id  c e l l s  t r a n s p l a n t e d  u n d e r  a 
r e n a l  c a p s u le .  E x te n s iv e  ly m p h o id  
r e p o p u la t io n  in  vivo is  e v id e n t .
H and E  x  120
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in  d i a m e t e r .  I t  i s  no t know n w h e th e r  th e  s t r u c t u r e  on th e  le f t  
of th e  p i c tu r e  (a r ro w e d )  i s  a ju n c t io n a l  c o m p le x  o r  an  in t e r d ig i t a t i o n  
of a d j a c e n t  c e l l  m e m b r a n e s .
A s  t h e s e  c u l tu r e d  e x p la n ts  w e r e  u s e d  to in v e s t ig a t e  the  th y m u s  
r e p o p u la t in g  c a p a c i ty  of d i f f e r e n t  c e l l  p o p u la t io n s  in  v i t r o , t h e i r  
f u n c t io n a l  a b i l i ty  to  be  r e p o p u la te d  by  b lo o d - b o r n e  s te m  c e l l s  in  v ivo  
w a s  in v e s t ig a t e d .  B o th  in d iv id u a l  and c o m p o s i te  c u l tu r e d  e x p la n ts  
p r e v io u s l y  d e p le te d  of ly m p h o id  c e l l s  in  c u l tu r e  w e r e  t r a n s p l a n te d  
u n d e r  th e  r e n a l  c a p s u le s  of sy n g e n e ic  m i c e .  P l a t e s  (4 6) and (47) 
show  a  s e c t io n  of a k id n e y  c o n ta in in g  a s u b c a p s u l a r  e c to p ic  thymixs 
p r e v io u s l y  c u l tu r e d  f o r  8 d a y s ,  one m o n th  a f t e r  t r a n s p l a n t a t i o n .  
E x te n s iv e  ly m p h o id  r e p o p u la t io n  i s  e v id en t  and  the  t i s s u e  a p p e a r s  
h e a l th y .  P l a t e  (4 8) is  a s e c t i o n  of a c o m p o s i te  e x p la n t  c o m p r i s e d  
of 4 fu s e d  th y m u s  lo b e s ,  p r e v io u s l y  c u l tu r e d  u n d e r  ly m p h o id  d e p le t in g  
c o n d i t io n s  f o r  8 d a y s  p r i o r  to  t r a n s p l a n t a t i o n .  L y m p h o id  r e p o p u la t io n  
h a s  o c c u r r e d  and  a  c l e a r  d e m a r c a t i o n  b e tw e e n  th y m ic  and  r e n a l  
t i s s u e  i s  s e e n .  A p a l e r ,  r e l a t i v e l y  a c e l l u l a r  a r e a  in  the m i d s t  of 
the  d a r k ly  s ta in e d  d e n s e  ly m p h o id  a r e a  i s  s een ;  s i m i l a r  s t r u c t u r e s  
o c c u r  in  o th e r  c u l tu r e d  e x p la n ts  and t h e i r  s ig n i f ic a n c e  i s  d i s c u s s e d  
l a t e r .  P l a t e  (4 9) i s  a  h ig h e r  m a g n i f i c a t i o n  of the  s a m e  s e c t io n ;  
the  m a j o r i t y  of c e l l s  a r e  s m a l l ,  d a rk ly  s ta in e d  and r e s e m b l e  s m a l l  
ly m p h o c y te s .
W h ile  e x a m in in g  s e c t io n s  of t r a n s p l a n t e d  th y m u s ,  lo o s e  
a g g r e g a t io n s  of ly m p h o id  c e l l s  w e r e  o c c a s io n a l ly  o b s e r v e d  a t  so m e  
d i s ta n c e  aw ay  f r o m  th e  s i te  of th e  t r a n s p l a n t ,  in  th e  s u b s ta n c e  of 
th e  k id n e y  ( P l a t e  50). A p p ro x .  25% of th e  r e c o v e r e d  k id n e y s  
show ed th e s e  s t r u c t u r e s  upon  h is to lo g ic a l  e x a m in a t io n .
P la t e  (47) H ig h e r  m a g n i f ic a t io n  of p r e v io u s  s e c t io n .  
H and  E  x 4 80
P la t e  (4 8) F u s e d  c o m p o s i te  ex p lan t  p r e v io u s l y  d e p le te d  of 
ly m p h o id  c e l l s  in  c u l tu r e  f o r  8 d a y s ,  p r i o r  to 
t r a n s p l a n t a t i o n  u n d e r  r e n a l  c a p s u le .  T h e  in  v ivo 
r e p o p u la te d  ly m p h o id  e x p la n t  c a n  be  r e a d i ly  
d i f f e r e n t ia t e d  f r o m  the r e n a l  t i s s u e .
H and E x  120
P la t e  (4 9) H ig h e r  m a g n i f ic a t io n  of above .  






r , #r #
P la t e  (50) D if fu se  n o d u le s  of ly m p h o id  c e l l s  w ith in  s u b s ta n c e  
of k id n e y  c o n ta in in g  ec to p ic  th y m u s .
H and E x  300
P l a t e  (51) H ig h e r  m a g n i f ic a t io n  of a b o v e .  
H and  E  x 1200
P l a t e  (52) C u l tu r e d  c o m p o s i te  e p i th e l i a l  e x p la n t  c o m p o s e d  
of s ix  fu se d  lo b e s ;  in j e c te d  w ith  sy n g e n e ic  fo e ta l  
th y m o c y te s  and  c u l tu r e d  to  p r o m o t e  ly m p h o id  
g row th  f o r  2 d a y s .






R e c o n s t i tu t io n  of ly m p h o id  d e p le te d  th y m u s
P o p u la t io n s  of h a e m o p o ie t ic  c e l l s  w e r e  in je c te d  in to  c o m p o s i te  
lym p h o id  d e p le te d  e x p la n ts  and  c u l tu r e d  f u r t h e r  to  p r o m o te  ly m p h o id  
d e v e lo p m e n t .  N o r m a l  15 day  fo e ta l  th y m o c y te s  w hen  in je c te d  in to  
th e  c o m p o s i te  e x p la n ts ,  gave  v a r i a b l e  r e s u l t s ;  few  of th e s e  w e r e  
re p o p u la te d  to  so m e  d e g r e e .  P l a t e  (52) show s a  c o m p o s i te  e x p la n t  
c o m p r i s e d  of 6 fu s e d  lo b e s  c u l tu r e d  f o r  2 d a y s  a f t e r  in j e c t io n  of 
th y m o c y te s .  P l a t e s  (53) and  (54) show  a  s i m i l a r l y  t r e a t e d  e x p la n t  
6 d a y s  a f t e r  in j e c t i o n .  T h e  t i s s u e  i s  s p a r s e l y  ly m p h o id  and p ro lo n g e d  
c u l tu r e  p e r io d s  r e s u l t e d  in  the  d e g e n e r a t io n  of th e  t i s s u e .  T h e  
s u c c e s s f u l  r e p o p u la t io n  of d e p le te d  e x p la n ts  by an  in i t i a l  in o c u lu m  
of n u c le a te d  c e l l s  f r o m  th e  bone  m a r r o w  of HN^ t r e a t e d  m i c e  w a s  
not a c h ie v e d .  S e v e r a l  a t t e m p t s  w e r e  c a r r i e d  ou t an d  on ly  pykno tic  
c e l l s  w e r e  s e e n  u pon  h i s to lo g ic a l  e x a m in a t io n  a f t e r  p e r io d s  of 
c u l t u r e .  W hen  s u ch  e x p la n ts  w e r e  in je c te d  w ith  bone m a r r o w  
ly m p h o c y te s  i s o la te d  on  s u c r o s e  d e n s i ty  g r a d i e n t s ,  r e p o p u la t io n  w a s  
l a r g e ly  u n s u c c e s s f u l .  O c c a s io n a l ly ,  d i f fu se ly  s c a t t e r e d  ly m p h o id  
c e l l s  w e r e  s e e n  w h en  a c o m p o s i te  e x p lan t  w as  in j e c te d  w ith  th e s e  
c e l l s .  P l a t e s  (55) and  (56) show  a s e c t io n  p r e p a r e d  f r o m  an  e x p la n t  
c u l tu r e d  f o r  4 d a y s  a f t e r  in j e c t io n .  C e l l s  w ith  ly m p h o id  m o rp h o lo g y  
a r e  v e r y  s p a r s e l y  d i s t r i b u t e d .
L y m p h o id  p r e c u r s o r s  w e r e  in t ro d u c e d  in to  e p i th e l i a l  c o m p o s i te  
e x p la n ts  by t h e i r  fu s io n  w ith  y o u n g e r  u n t r e a te d  th y m ic  r u d im e n t s .  
P l a t e  (57) sh o w s  a  14 day  th y m u s  ex p lan t  c o - c u l t u r e d  f o r  2 d a y s  
w ith  a  c o m p o s i te  ex p lan t  p r e v io u s l y  c u l tu r e d  to d e p le te  i t s  ly m p h o id  
c e l l s .  P l a t e s  (58) and  (59) a r e  f r o m  a s e c t io n  m a d e  f ro m  su ch  an
P la t e  (53) A r e c o n s t i tu te d  c o m p o s i te  e x p ian t  c u l tu r e d  as  
b e f o r e  f o r  6 d a y s .  T h e  t i s s u e  i s  s p a r s e l y  
ly m p h o id .
H and E x 4 80
P l a t e  (54) H ig h e r  m a g n i f ic a t io n  of ab o v e .  
H an d  E x  1200
P la t e  (55) A c o m p o s i te  e p i th e l i a l  e x p la n ts  in j e c te d  w ith  bone  
m a r r o w  c e l l s  and c u l tu r e d  f o r  4 d a y s  to p r o m o te  
ly m p h o id  g ro w th .  T h e  e x p la n t  d o es  no t a p p e a r  
to be re p o p u la te d  to any  g r e a t  e x te n t .
H and  E x 4 80

P l a t e  (56) H ig h e r  m a g n i f ic a t io n  of p r e v io u s  s e c t io n .  
H and E x  1200
P l a t e  (57) L y m p h o id  d e p le te d  c o m p o s i te  e x p la n t  fu se d  w ith  
an  u n t r e a t e d  14 day  fo e ta l  th y m u s  ex p lan t  a f t e r  
c o - c u l t u r e  f o r  2 d a y s .
H and E  x  120
P l a t e  (58) A s  ab o v e ,  but c u l tu r e d  f o r  6 d a y s  a f t e r  f u s io n  w ith  
14 day  fo e ta l  th y m u s .






ex p ian t  c u l tu r e d  f o r  6 d a y s .  S om e c e l l s  in  m i t o s i s  a r e  s e e n  and  
t h e r e  a r e  a  n u m b e r  of pykn o tic  c e l l s .  P l a t e  (60) i s  an  e l e c t r o n ­
m ic  r o g r a p h  p r e p a r e d  f r o m  the  s a m e  c u l t u r e .  Tw o ly m p h o id  c e l l s  
and p o s s ib ly  a m a c r o p h a g e  a r e  s e e n  in  th i s  s e c t io n .  P l a t e  (61) 
is  a s e c t io n  m a d e  f r o m  the  s a m e  e x p e r i m e n t ,  bu t c u l tu r e d  f o r  8 
d a y s  a f t e r  f u s io n .  L y m p h o id  c e l l s  a r e  m o r e  n u m e r o u s  and 
pykn o tic  c e l l s  a r e  n o t  a s  a b u n d a n t  a s  in  th e  p r e v io u s  s e c t io n ;  
th e  ju n c t io n a l  a r e a  of th e  fu s io n  i s  s e e n  in  th i s  s e c t i o n .  In  a 
h ig h e r  m a g n i f ic a t io n ,  th e  ly m p h o id  and e p i th e l i a l  c e l l s  a r e  c l e a r l y  
c o n t r a s t e d  ( P la t e  62). P l a t e  (63) show s a  s i m i l a r  e x p la n t  a t  th e  
u l t r a  s t r u c t u r a l  l e v e l .  T w o e p i th e l i a l  c e l l s  a r e  s e e n ,  one w ith  a  
p r o m in e n t  n u c le o lu s .  A few  ly m p h o id  c e l l s  and  a  m a c r o p h a g e  
a r e  a l s o  s e e n  in  th i s  e l e c t r o n m ic  r o g r a p h .
In  so m e  c u l t u r e s ,  the  a p p e a r a n c e  of c l e a r ,  a c e l l u l a r  a r e a s  
c o n ta in in g  s m a l l  d a r k ly  s ta in e d  o r  pykn o tic  c e l l s  w e r e  seen ;  th e s e  
w e r e  in v a r i a b ly  found to  be  in  c lo s e  a s s o c ia t io n  w ith  v e r y  l a r g e ,  
p a l e - s t a i  n in g  n o n - ly m p h o id  c e l l s .  T h e y  w e r e  m o r e  f r e q u e n t ly  
s e e n  in  s e c t i o n s  of o ld e r  c u l t u r e s  ( P l a t e  64), T h i s  s e c t io n  w as  
p r e p a r e d  f r o m  a  c o m p o s i te  e x p la n t  re p o p u la te d  a f t e r  fu s io n  w ith  
a  14 d ay  fo e ta l  th y m u s  and  c u l tu r e d  fo r  8 d a y s .  P l a t e s  (65) and  
(66) a r e  h ig h e r  m a g n i f ic a t io n s  ta k e n  f r o m  the  s a m e  s e c t io n .  T h e i r  
p o s s ib le  fu n c t io n a l  s ig n i f ic a n c e  i s  d i s c u s s e d  l a t e r .
C u l tu r e  of th y m u s  c e l l s  on a g a r
T h e  s y s t e m  w a s  t e s t e d  f o r  i t s  a b i l i ty  to  m a in ta in  c e l l u l a r  
v ia b i l i ty  and p o s s i b l e  ly m p h o id  d i f f e r e n t i a t io n  in  v i t r o , u n d e r  c u l tu r e  
c o n d i t io n s  s i m i l a r  to  th a t  u s e d  f o r  ly m p h o id  g ro w th  d e s c r ib e d
P la t e  (59) H ig h e r  m a g n i f ic a t io n  of p r e v io u s  s e c t io n .  
H and E x  1200
P l a t e  (60) E l e c t r o n m ic  r o g r a p h  p r e p a r e d  f r o m  a  s im ila r ly -  
t r e a t e d  c u l tu r e d  ex p la n t  a s  ab o v e ,  show ing two 
ly m p h o id  c e l l s  and a m a c r o p h a g e .
X  65000
lit
P la t e  (61) C o m p o s i te  e x p ia n t  r e c o n s t i tu te d  w ith  ly m p h o id  
• c e l l s  a f t e r  fu s io n  w ith  u n t r e a t e d  14 day  fo e ta l  
th y m u s .  C u l tu re d  f o r  8 d a y s  to  p r o m o te  
ly m p h o id  d e v e lo p m e n t  a f t e r  s e c o n d a ry  fu s io n .  
H and  E  x  4 80
P la t e  (62) H ig h e r  m a g n i f ic a t io n  ofâ îove , 






P l a t e  (63) E l e c t r o n m ic  r o g r a p h  p r e p a r e d  f r o m  a n  ex p la n t  
c u l tu r e d  a s  b e f o r e .  O ne of the two e p i th e l i a l  
c e l l s  s e e n  h a s  a p r o m in e n t  n u c le o lu s .  
L y m p h o c y te s  and a m a c r o p h a g e  a r e  a l s o  s e e n  in  
th i s  s e c t io n .
X 6500
P la t e  (64) A s s o c i a t i o n  of ly m p h o id  and e p i th e l i a l  ( ? )  c e l l s  
in  c u l tu r e d  e x p la n ts .
H and  E x 4 80

P l a t e  (65) H ig h e r  m a g n if ic a t io n  of p r e v io u s  s e c t io n .  
H and  E x  1200
P la t e  (66) L y m p h o e p i th e l ia l  s t r u c t u r e s  f r o m  a  d i f f e r e n t  
c u l tu r e  f r o m  ab o v e .  S m a l l ,  d a r k ly  s ta in in g  
ly m p h o id  c e l l s  a p p e a r  to be w ith in  th e  c y to p la s m  
of th e  l a r g e r  c e l l .
H and  E x 1200
A
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p r e v io u s ly ,
P l a t e  (67) i s  a  c y to c e n t r i f u g e  p r e p a r a t i o n  m a d e  f r o m  an  
u n t r e a t e d  t r y p s i n i s e d  f o e ta l  th y m u s  b e fo re  c u l tu r e  in  th i s  s y s t e m .  
L a r g e  b a s o p h i l ic  s t e m  c e l l s  a r e  s e e n  a s  w e ll  a s  a  l a r g e r  c e l l  
w ith  p a l e r  f o a m y  c y t o p la s m  and  an  o v a l  n u c le u s  w hich  m o s t  l ik e ly  
r e p r e s e n t s  an  e p i th e l i a l  c e l l .  P l a t e  (68) show s c e l l s  a f t e r  3 d a y s  
in  c u l t u r e .  L a r g e  b a s o p h i l ic  c e l l s  a r e  s t i l l  p r e v a l e n t  to g e th e r  
w ith  s m a l l e r  ly m p h o id  c e l l s .  P l a t e  (69) show s c e l l s  c u l tu r e d  
a f t e r  6 d a y s .  S m a l l  d a r k l y - s t a i n i n g  ly m p h o id  c e l l s  a s  w e ll  a s  
l a r g e r ,  u n d i f f e r e n t ia t e d  c e l l s  a r e  s e e n .
F u s io n s  and t r a n s p l a n t a t i o n  b e tw e e n  a l lo g e n e ic  s trains.
A p i lo t  s tudy  w as  u n d e r ta k e n  w h e re  a l lo g e n e ic  C 5 7 /B la c k  14 
day  th y m ic  r u d im e n t s  w e r e  fu s e d  w ith  CBA c u l tu r e d  e x p la n ts .  
G e n e r a l ly ,  th e  e x p la n ts  w e r e  s e e n  to  c o n ta in  l a r g e l y  pykn o tic  c e l l s  
a f t e r  p e r i o d s  of c u l tu r e ,  p o o r  e p i th e l i a l  c e l l  s u r v iv a l  w as  a l s o  
e v id e n t .
A n o th e r  b r i e f  p i lo t  s tu d y  w as  u n d e r ta k e n  to in v e s t ig a t e  w h e th e r  
d e p le t io n  of en d o g en o u s  ly m p h o id  c e l l s  r e n d e r e d  th e  e x p la n ts  
n o n - im m u n o g e n ic  w hen  t r a n s p l a n t e d  to  a l lo g e n e ic  h o s t s .  CBA 
c u l tu r e d  e x p la n ts  w e r e  t r a n s p l a n t e d  u n d e r  C 5 7 / B la c k  r e n a l  c a p s u le s  
A ll  of th e  t r a n s p l a n t e d  e x p la n ts  w e r e  found to  be  r e j e c t e d  w h e r e a s  , 
c o n t ro l  t r a n s p l a n t s  to sy n g e n e ic  m ic e  w e r e  r e p o p u la te d .
P l a t e  (67) G y to s p in  p r e p a r a t i o n  of c e l l s  f r o m  t r y p s i n i s e d  
15 day  fo e ta l  th y m u s ,
J  and G x  1200
P l a t e  (68) C y to  sp in  p r e p a r a t i o n  of c e l l s  c u l tu r e d  on a g a r
f o r  3 d a y s .  L a r g e ,  b a s o p h i l ic  c e l l s  a r e  s t i l l  
s e e n .
J  and G x  1200
P l a t e  (69) A s  ab o v e ,  but c u l tu r e d  f o r  6 d a y s .  





D u r in g  c u l tu r e  to  p r o m o t e  ly m p h o id  g ro w th ,  th e  a p p e a r a n c e  
of a m o r e  d e n s e ly  ly m p h o id  p e r i p h e r a l  r e g io n  in  th e  e x p la n t  
cou ld  r e p r e s e n t  a n  in  v i t r o  c o r r e l a t e  of th e  p h y s io lo g ic a l  o r g a n i s a t io n  s 
in  th e  a d u l t  o r g a n  s e e n  in  v iv o . H o w e v e r ,  i t  i s  a l s o  l ik e ly  to  be  
an  a r t i f a c t  of c u l t u r e  c o n d i t io n s ,  p o s s ib ly  a s  a c o n s e q u e n c e  of 
in s u f f ic ie n t  o xygen  t e n s io n  a t  the  c e n t r e  of th e  e x p la n t  f o r  ly m p h o id  
g ro w th .  In  o c c a s io n a l  c u l t u r e s ,  i t  w a s  n o te d  th a t  the  e x p la n ts  
f la t te n e d  out on  th e  m i l l i p o r e  s t r a t u m  and a s s u m e d  a  d i s c - l i k e  
s h a p e .  T h i s  i s  tho u g h t to  be a  c o n s e q u e n c e  of a  c o m p e n s a to r y  
r e s p o n s e  to  in a d e q u a te  oxygen  te n s io n  ( R .K .  J o r d a n ,  p e r s o n a l  
c o m m u n ic a t io n ) . T h e  e f fe c t  of W a y m o u th 's  m e d iu m  on in h ib i t in g  
ly m p h o id  g ro w th  i s  no t e n t i r e l y  c o n v in c in g ,  a s  u s u a l ly  e x p la n ts  
c u l tu r e d  in  R P M I o r  E a g le s  m e d iu m  cou ld  a l s o  be d e p le te d  
p ro v id in g  th e  o th e r  p a r a m e t e r s  w e r e  a d h e re d  to .  T h e r e f o r e ,  the  
oxygen  c o n te n t  of th e  a t m o s p h e r e  and the  in i t i a l  la c k  of s e r u m  
s u p p le m e n t  w e r e  m o s t  l i k e ly  th e  c a u s a t iv e  f a c t o r s  f o r  in h i t in g  
ly m p h o id  d e v e lo p m e n t .  W hen  u n t r e a t e d  fo e ta l  th y m u s  w a s  e x p la n te d  
in  c u l tu r e  f l a s k s ,  m o n o l a y e r s  of m a c r o p h a g e s  w e r e  r e a d i ly  d e r iv e d  
(C h a p te r  1). H ow ever,  a s  m a c r o p h a g e s  w e r e  n o t  s i m i l a r l y  o b ta in e d  
f r o m  c u l tu r e d  e x p la n ts ,  i t  i s  t e n ta t i v e ly  s u g g e s te d  th a t  th e y  a r e  
a l s o  s e le c t iv e ly  l o s t  d u r in g  c u l t u r e .  A lthough  no c e l l u l a r  o u tg ro w th s  
of any  k in d  w e r e  o b ta in e d  f r o m  t h e s e  e x p la n ts  w h en  p la te d  in  c u l tu r e  
f l a s k s ,  t h e i r  fu n c t io n a l  v ia b i l i ty  w as  found to be s a t i s f a c t o r y  a s  th e y  '%
w e r e  r e a d i ly  r e  p o p u la te d  a f t e r  t r a n s p l a n t a t i o n  in  v iv o .
T h e  s p u r io u s  o c c u r r e n c e  of n o d u le s  of s e e m in g ly  ly m p h o id  
t i s s u e  a t  r e g io n s  aw a y  f r o m  th e  s i t e s  of r e n a l  s u b c a p s u la r
.  ' - Æ  è h  . :____ ' ___
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t r a n s p l a n t a t i o n  i s  c u r i o u s .  I t  i s  not kn o w n  w h e th e r  th e y  r e p r e s e n t  
ec to p ic  s i t e s  of s e c o n d a r y  ly m p h o id  t i s s u e  o r  an  in f i l t r a t i o n  of 
ly m p h o c y t ic  c e l l s  fo llow ing  a n  in f l a m m a to r y  r e s p o n s e .  If the  
l a t t e r  p o s s i b i l i t y  i s  the  c a s e ,  th e s e  c e l l s  would b e  e x p e c te d  to  
be  s m a l l  ly m p h o c y te s .  H o w e v e r ,  in  th e  h igh  p o w e r  p h o to m ic r o g r a p h ,  
th e y  m o r p h o lo g ic a l ly  r e s e m b l e  ly m p h o b la s t s  r a t h e r  th a n  s m a l l  
ly m p h o c y te s .
I t  w a s  c o n s id e r e d  th a t  the  m a j o r  c a u s e  f o r  th e  la c k  of s u c c e s s  
in  in je c t in g  c u l tu r e d  e x p la n ts  w a s  th a t  the  m in u te  s iz e  of th e  e x p la n t  
l im i t e d  i t s  m a n ip u la t io n  w ithou t s e v e r e  d a m a g e  to  th e  t i s s u e .  T h i s  
p r o b le m  w as  o v e r c o m e  by  o b ta in in g  the  l a r g e r  c o m p o s i te  e x p la n ts  
a f t e r  fu s io n  in  c u l t u r e .  T h e  fu s io n  of in ta c t  t i s s u e  f r a g m e n t s  w a s  
f i r s t  d e m o n s t r a t e d  by  S ig u r d s s o n  (1942). I t  i s  n o t  know n  how the  
d ead  ly m p h o id  c e l l s  a r e  r e m o v e d  f r o m  the  c u l tu r e d  e x p la n ts .  T h e y  
cou ld  be  e i t h e r  p h a g o c y to se d  by  th y m ic  m a c r o p h a g e s ,  if p r e s e n t ;  
o r  so m eh o w  be e x t ru d e d  f r o m  the  s u b s ta n c e  of th e  ex p lan t  by  the  
r e o r g a n i s a t i o n  of o th e r  c e l l s .  E v id e n c e  f o r  th i s  l a t t e r  p o s s i b i l i t y  
i s  p r e s e n t e d  by W is e m a n  (1977) who found th a t  c e l l - s i z e  s p h e r e s  
of m e t a l ,  g l a s s  and  p l a s t i c  co u ld  m o v e  f r o m  s u r f a c e  to  s u b s u r f a c e  
p o s i t io n s  w ith in  so l id  t i s s u e  m a s s e s  in  c u l tu r e ,  d e m o n s t r a t in g  
th a t  th e  o b s e r v e d  m o v e m e n t  of c e l l s  in  s i m i l a r  c i r c u m s t a n c e s  
m a y  n o t  b e  due to  a c t iv e  c e l l  lo c o m o t io n .  T h e s e  e x t ru d e d  
p ykno tic  c e l l s  w ould  th u s  ge t  t r a p p e d  w ith in  p o c k e t s  b e tw e e n  th e  
c o a l e s c e d  c a p s u l e s .  A s  th e  th y m ic  su b cap  s u la r  r e g io n  i s  n o r m a l l y  
r i c h  in  m a c r o p h a g e s ,  a c c u m u la t io n s  of u n p h a g o c y to se d  d ead  c e l l s  
w ould  no t be e x p e c te d .  T h i s  o b s e r v a t io n  cou ld  be  i n t e r p r e t e d  a s  
i n d i r e c t  e v id e n c e  t h a t  th y m ic  m a c r o p h a g e s  a r e  a l s o  d e p le te d  u n d e r  
th e s e  c u l tu r e  c o n d i t io n s .
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Bone m a r r o w  c e l l s  f r o m  HN^ t r e a t e d  a n i m a l s  w e r e  no t a b le  
to  r e p o p u la te  th e  e x p la n ts .  H o w e v e r ,  i t  i s  n o t  know n w h e th e r  
th i s  w a s  due to  th e  l im i t a t i o n s  of the  e x p e r i m e n t a l  s y s t e m  o r  
b e c a u s e  of th e  fu n c t io n a l  i m m a t u r i t y  of th e s e  c e l l s .  A k in e t ic  
s tudy  of th e  th y m u s  r e p o p u la t io n  of i r r a d i a t e d  m i c e  by such  c e l l s  
in  v ivo  w ould  r e s o l v e  th i s  q u e s t io n .  T h e  r e s u l t s  o b ta in e d  w ith  
d e n s i ty  g r a d ie n t  e n r i c h e d  bone  m a r r o w  ly m p h o c y te s  a r e  n o t  
c o n c lu s iv e .  T h e  e v id e n c e  th a t  th e y  r e p r e s e n t  a p r e - t h y m i c  
p o p u la t io n  in d u c ib le  in  v i t r o  to  show T c e l l  c h a r a c t e r i s t i c s  cou ld  
n o t  be c o r r o b o r a t e d  in  a n o th e r  s tu d y  ( C h a p te r  3). Upon th e i r  
a t t e m p te d  t r a n s f e r e n c e  in to  th e  th y m ic  e n v i ro n m e n t  in  v i t r o , th e y  
w e r e  n o t  ab le  to  r e p o p u la te  th e  o r g a n ,  a s  f a r  a s  c a n  b e  a s c e r t a i n e d  
in  th i s  s y s t e m .
T h e  r a t i o n a l e  f o r  f u s in g  a n  u n c u l tu r e d  14 d a y  f o e ta l  th y m ic  
ru d im e n t  and  a t e m p o r a l l y  o ld e r  c u l tu r e d  e x p la n t  w as  d i r e c t e d  by 
the  fo llow ing  r e a s o n s .  T h e  e m b ry o n ic  th y m u s  a t  14 d a y s  of 
g e s ta t io n  i s  a  s o u r c e  of u n d i f f e r e n t ia t e d  s t e m  c e l l s .  F u r t h e r m o r e ,  
the  e a s e  w ith  w h ich  fo e ta l  th y m u s e s  w e re  found to  c o a l e s c e  in  
e a r l i e r  e x p e r i m e n t s  e n a b le d  th e  r e c o n s t i t u t i o n  of a n  e p i th e l i a l  
th y m u s ,  a s  c e l l s  w e r e  found to  m i g r a t e  f r o m  th e  y o u n g e r  to o ld e r  
e x p la n ts .  S u ch  fu s io n  b e tw e e n  e m b ry o n ic  g o n a d a l  t i s s u e  h a s  b e e n  
u s e d  b y  r e p r o d u c t iv e  p h y s io lo g i s t s  to  i n v e s t ig a t e  m i c r o e n v i r o n m e n ta l  
e f f e c t s  upon  g e r m  c e l l  m a t u r a t i o n  (C .W , E v a n s ,  p e r s o n a l  
c o m m u n ic a t io n ) .  A ny o r g a n i s a t i o n  of th e  c e l l u l a r  a r c h i t e c t u r e  
of th e  e m b ry o n ic  o r g a n  w ou ld , a s  a  c o n s e q u e n c e  of fusion , be 
p e r t u r b e d .  H o w e v e r ,  th i s  p o s s i b i l i t y  d o e s  n o t  a p p e a r  to  in h ib i t  
s u c c e s s f u l  r e p o p u la t io n  of th e  e x p la n ts ,  w h ich  a r g u e s  a g a in s t  any
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c o m p a r tm e n ta t i o n  w ith in  th e  e m b ry o n ic  th y m u s .  In  th e s e  
e x p la n ts  r e c o n s t i t u t e d  a f t e r  fu s io n  o r  in je c t io n  and  fo llow ing  
p e r io d s  of c u l t u r e ,  c e l l s  m o r p h o lo lo g ic a l ly  r e s e m b l i n g  s m a l l  
ly m p h o c y te s  w e r e  n o t  n u m e r o u s ,  and ly m p h o b la s t s  p r e d o m i n a t e .  
T h i s  i s  p r o b a b ly  a c o n s e q u e n c e  of th e  e x p e r i m e n t a l  m a n ip u la t io n s  
su b je c te d  to  th e  t i s s u e .  I t  w a s  n o t  p o s s ib le  to  p r o lo n g  the  
c u l tu r e s  f o r  l o n g e r  p e r i o d s  a s  c e n t r a l  n e c r o s i s  w a s  o f ten  s e e n  
a f t e r  2 w e e k s  of c u l t u r e .
T h e  c u l tu r e  of th y m ic  t i s s u e  on a g a r  b lo c k s  w a s  b a s e d  on a  
m e th o d  u s e d  by o th e r  i n v e s t i g a t o r s  to  m a in ta in  fo e ta l  g o n ad a l  
t i s s u e  in  v i t r o  ( T .G .  B a k e r ,  p e r s o n a l  c o m m u n ic a t io n ) . T he  
te c h n iq u e  w a s  d e v i s e d  to  a g g r e g a t e  t r y p s in i s e d  fo e ta l  thym us t i s s u e  
in  a g a r  tu b e s  p r i o r  to  t h e i r  c u l t u r e .  T h e  s y s t e m  w a s  t e s t e d  f o r  i t s  
a b i l i ty  to  m a in ta in  c e l l u l a r  g ro w th  a s  in  th e  i n t a c t  th y m u s  u n d e r  
s i m i l a r  c o n d i t io n s .  S m a l l  ly m p h o c y te s  w e r e  n o t  n u m e ro u s  a f t e r  
c u l t u r e  u p  to  6 d a y s  and  m i to t i c  c e l l s  w e r e  n o t  e v id e n t  in  th e  
p r e p a r a t i o n s  m a d e  f r o m  t h e m .  H o w e v e r ,  th e  s y s t e m  d o e s  
m a in ta in  c e l l u l a r  v ia b i l i ty  f o r  l im i t e d  p e r io d s _ m  v i t r o  and  cou ld  
be  a d a p te d  to  i n v e s t ig a t e  m i c r o e n v i r o n m e n ta l  e f f e c t s  d u r in g  
C O - c u l tu r e  of d i v e r s e  c e l l  t y p e s .
E x p e r i m e n t s  w h e r e  fo e ta l  th y m u s  f r o m  h is to c o m p a t ib ly  
d i f f e r e n t  s t r a i n s  w e r e  f u s e d  in  c u l tu r e  w e r e ,  on th e  w ho le  
u n s u c c e s s f u l .  A s  c o n t r o l  c u l t u r e s  of sy n g e n e ic  f u s io n s  a l s o  
d e t e r i o r a t e d ,  f a i l u r e  cou ld  be  a t t r ib u t e d  to  p o o r  c u l tu r e  c o n d i t io n s ,  
and no  c o n c lu s io n s  c a n  b e  d e r iv e d  f r o m  such  a b r i e f  in v e s t ig a t io n .
C u l tu r e d  e x p la n ts  w h en  t r a n s p l a n t e d  to  a l lo g e n e ic  m i c e  w e r e  
r e j e c t e d .  H is to lo g i c a l  s e c t io n s  f r o m  s i m i l a r l y  c u l tu r e d  c o n t ro l  
e x p la n ts  c o n f i r m e d  th a t  th e  t i s s u e  w as  h e a l th y  and w a s  r e p o p u la te d
106
w hen  t r a n s p l a n t e d  to sy n g e n e ic  h o s t s .  T h u s  r e j e c t i o n  in  v ivo  m u s t  
be  a t t r ib u t e d  to  h i s to c o m p a t ib i l i ty  d i f f e r e n c e s  and  a  f a i l u r e  to 
r e n d e r  th e  t i s s u e  u n im m u n o g e n ic , r a t h e r  th a n  i t s  in a b i l i ty  to  be  
r e p o p u la te d  by  h o s t  s t e m  c e l l s .
T h e  s ig n i f ic a n c e  of v a c u o le - l i k e  s t r u c t u r e s  in  c u l tu r e d  e x p la n ts ,  
c o n ta in in g  l a r g e  p a le  s ta in in g  c e l l s  w ith  a  c l u s t e r  of d a r k ly  s ta in in g  
c e l l s  r e s e m b l i n g  s m a l l  ly m p h o c y te s  o r  p y k n o tic  c e l l s ,  e i t h e r  
c lo s e ly  a s s o c i a t e d  w ith  o r  w i th in  th e  l a r g e  c e l l s  c a n  on ly  be 
s p e c u la te d .  T h e y  a r e  n o t  r e s t r i c t e d  to e x p la n ts  in  v i t r o  a s  th e y  
s t i l l  p e r s i s t  o r  o c c u r r e d  novo w hen t r a n s p l a n t e d  in  v ivo .  I t  i s  
p o s s ib le  th a t  th e s e  s t r u c t u r e s  r e p r e s e n t  c e l l s  in  th e  p r i m a r y  s t a g e s  
of f o r m a t io n  of H a s  s a i l ' s  c o r p u s c l e s ;  th e s e  a r e  th ough t to  a r i s e  by 
a  fu s io n  of e p i th e l i a l  c e l l s .  S o m e  of th e s e  s t r u c t u r e s  a r e  s e e n  to  
c o n ta in  m o r e  th a n  one  n u c le i  w h ich  r e s e m b l e  th o s e  of e p i th e l i a l  
c e l l s .  A h i s to c h e m i c a l  s tu d y  to  d e te c t  PA S p o s i t iv e  m a t e r i a l  
w ould  f u r t h e r  e lu c id a te  the  n a t u r e  of th e s e  c e l l s .  A m u c h  m o r e  
s p e c u la t iv e  a l t e r n a t i v e  w ou ld  be to  c o n s id e r  t h e m  a s  d y n a m ic  
s t r u c t u r e s  in v o lv ed  in  th e  d i f f e r e n t i a t io n  of th y m o c y te s ,  the  
s m a l l e r  c e l l s  u n d e rg o in g  so m e  k in d  of c e l l u l a r  i n t e r a c t io n  w ith  the  
l a r g e  p a le  s ta in in g  c e l l  d u r in g  th e  p r o c e s s  of m a tu r a t i o n .  T h e  
a p p e a r a n c e  of " r o s e t t e s "  c o m p r i s e d  of th y m ic  m a c r o p h a g e s  
s u r r o u n d e d  by th y m o c y te s  d u r in g  th e  v e r y  e a r l y  s t a g e s  of a  m o n o la y e r  
c u l tu r e  h a v e  b e e n  o b s e r v e d  by  o th e r  i n v e s t i g a t o r s .  I t  i s  th o u g h t 
th a t  th e y  m ig h t  r e p r e s e n t  a  d i f f e r e n t ia t io n  e v e n t ,  f r o m  e v id e n c e  w ith  
t i m e - l a p s e  c i n e m a to g r a p h y  ( J .  G. S h a rp ,  p e r  so n a l  c o m m u n ic a t io n ) .
I t  i s  p o s s i b l e  th a t  th e s e  s t r u c t u r e s  s e e n  in  th i s  s tudy  cou ld  be 
s i m i l a r  to  th e  g ia n t  " n u r s e  c e l l s "  d e s c r ib e d  by  W e k e r le  ahd
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K e te l s e n  (1980) in  t h e i r  m o n o l a y e r  c u l t u r e s ;  th e s e  w e r e  found 
to  engu lf  and  s u b s e q u e n t ly  r e l e a s e  a  l a r g e  n u m b e r  of th y m o c y te s ,  
a  p r o c e s s  b e l ie v e d  to  be  in v o lv ed  in  ly m p h o c y te  d i f f e r e n t i a t io n .  
T h e  id e n t i ty  of the  l a r g e  p a l e  s ta in in g  c e l l  i s  n o t  know n, if  i t  
p r o v e s  to  be a  m a c r o p h a g e ,  th e n  i t  r a i s e s  q u e s t io n s  f o r  f u r t h e r  
s tudy .
C H A P T E R  3 
T c e l l  p r e c u r s o r s
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IN TR O D U C TIO N
H a e m o p o ie t ic  c e l l s  c a p a b le  of s e e d in g  th e  th y m u s  h av e  b e e n  
d e te c te d  in  th e  bone m a r r o w  ( H a r r i s  e t  a l  1964). F u r t h e r  e v id en ce  
fo r  the  p r e s e n c e  of p r e c u r s o r s  of T c e l l s  in  the  m a r r o w  w as  
o b ta in ed  w hen  bone  m a r r o w  c e l l s  w e re  found to  be in d u c ib le  t a r g e t s  
f o r  the  e f f e c t s  of th y m ic  h u m o r a l  f a c t o r s  and t h e i r  p h a r m a c o lo g i c a l  
a n a lo g u e s  in  v i t r o . T h e r e  i s  a l s o  e v id e n c e  th a t  an  im m u n o lo g ic  a l ly  
c o m p e te n t  p o p u la t io n  of th y m u s - d e r i v e d  c e l l s  t r a n s i e n t l y  r e s i d e s  
in  th e  m a r r o w ,  b e l ie v e d  to be r e c i r c u l a t i n g  T c e l l s .  T h e s e  c e l l s  
a r e  though t to  be  r e s p o n s ib l e  f o r  th e  GVH d i s e a s e  e n c o u n te re d  
a f t e r  c l in i c a l  bone  m a r r o w  t r a n s p l a n t a t i o n .  D ic k e  e t  a l  (1969) 
h av e  i s o la te d  th i s  p o p u la t io n  f r o m  the  bone m a r r o w  of r a t s  and 
p r i m a t e s  by c e n t r i f u g a t io n  on d is c o n t in u o u s  BSA d e n s i ty  g r a d i e n t s .  
B u r le s o n  an d  L e v e y  (1972) h a v e  s i m i l a r l y  i s o la t e d  GVH r e a c t i v e  
c e l l s  f r o m  m u r i n e  bone  m a r r o w .  I t  i s  a p p a r e n t  th a t  the  bone 
m a r r o w  i s  a l s o  a  p r i m a r y  s i te  of p r o d u c t io n  of ly m p h o c y te s .  T h e  
o r ig in  of m a r r o w  ly m p h o c y te s  and  t h e i r  fu n c t io n s  i s  r e v ie w e d  by 
R o s s e  (1976). I g 'F c  and C o m p le m e n t  (C) r e c e p t o r s  h a v e  b e e n  
d e te c te d  on m a r r o w  ly m p h o c y te s  (Yang and  O sm o n d ,  1979); a s  
w e ll  a s  s u r f a c e  Ig by  r a d io l a b e l le d  a n t ig lo b u l in  b ind ing  s tu d ie s  by 
O sm o n d  and N os s a i l  (1974 a and  b ). T h e s e  s tu d ie s  show th a t  the  
m a r r o w  i s  a m a j o r  s i te  of r e n e w a l  of I g - b e a r i n g  s m a l l  ly m p h o c y te s .  
O th e r  c e l l s  in  th e  bone m a r r o w  h a v e  b e e n  show n to  la c k  both  
s u r f a c e  Ig  and the  T h y  1 a n t ig e n ,  th e y  a r e  no t th y m u s  d ep e n d e n t  
and n o r  a r e  th e y  p a r t  of th e  r e c i r c u l a t i n g  T c e l l  p o p u la t io n .
I t  h a s  b e e n  r e p o r t e d  th a t  the  p o p u la t io n  of PHA r e s p o n s iv e  
c e l l s  in  th e  bone m a r r o w  a r e  not th y m u s  d e p e n d e n t  (B lo m g re n
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and S v e d m y r ,  1971). F u r t h e r m o r e ,  R opke  (1977a and  b) h a s  
d e te c te d  i n c r e a s e d  n u m b e r s  of T h y  1 b e a r in g  c e l l s  in  th e  bone 
m a r r o w  of N T x  and nude  m i c e ,  a s  c o m p a r e d  w ith  n o r m a l  and 
s h a m  T x  m i c e .  A u to r a d io g r a p h ic  and k in e t ic  s tu d ie s  in d ic a te  
th e s e  c e l l s  a r e  p ro d u c e d  in  th e  m a r r o w  i t s e l f ,  p r e s u m a b l y  a s  a 
c o m p e n s a to r y  r e s p o n s e  fo r  th e  la c k  of n o r m a l  th y m ic  ly m p h o p o ie s i s .  
T h e  m i to g e n  r e s p o n s i v e n e s s  and GVH r e a c t i v i t y  of th e s e  c e l l s  
su g g e s t  th e y  a r e  fu n c t io n a l ly  i m m a t u r e .  C oh en  and  P a t t e r s o n  
(1975) h a v e  found tha t the  C on  A and PHA r e s p o n s iv e  p o p u la t io n  
of s m a l l  ly m p h o c y te s  in  th e  bone  m a r r o w  cou ld  be in d u c ed  to  
e x p r e s s  T h y  1 and  T L  a n t ig e n s  by  th e  m i to g e n s  a s  w e ll  a s  by  cA M P  
and th y m o s in .  T h e y  p o s tu la te d  th a t  th e s e  c e l l s  in  the  bone m a r r o w  
w e re  T p r e c u r s o r s .  T h e s e  c e l l s  w e re  a l so  a b le  to  e n h an c e  the  
C on  A r e s p o n s i v e n e s s  of c o r t i s o l - r e s i s t a n t  th y m o c y te s  
s y n e r g i s t i c a l l y  (C ohen  and  F a i r c h i l d ,  197 6).
I t  is  ev id en t  th a t  the  bone  m a r r o w  ly m p h o c y te s  a r e  a 
h e te r o g e n o u s  p o p u la t io n ,  j u s t  a s  t h e i r  p e r i p h e r a l  c o u n t e r p a r t s .
T h e  only  f e a t u r e  in  c o m m o n  w ith in  and  b e tw e e n  both  p o p u la t io n s  
i s  t h e i r  m o rp h o lo g y .  A t t e m p ts  to  i s o la t e  h o m o g e n o u s  f r a c t i o n s  
f r o m  th e s e  h a v e  n e c e s s i t a t e d  ex p lo it in g  d i f f e r e n c e s  in  t h e i r  
p h y s ic a l  p r o p e r t i e s  such  a s  s iz e  and s p e c if ic  g r a v i ty .  T he  p r e - T  
c e l l s  in  bone  m a r r o w  h a v e  b e e n  i s o la te d  by  d e n s i ty  c e n t r i f u g a t io n  
on l i n e a r  g r a d i e n t s  of F i c o l l  by  E l - A r i n i  and  O so b a  (1973) and  
w e r e  show n to  be d i s t i n c t  f r o m  the  C F U -S  p o p u la t io n .
D e n s i ty  c e n t r i f u g a t io n  on g r a d ie n t s  of s u c r o s e  h av e  b e e n  
e m p lo y ed  by O sm o n d  and Y o sh id a  (1971) to  i s o la te  ly m p h o c y te s  
f r o m  g u in e a  p ig  and  r a t  bone m a r r o w ,  A m o d i f ic a t io n  of t h e i r
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m e th o d  h a s  b e e n  u s e d  by P r e s s  and  R o s s e  (1977a) to f r a c t io n a t e  
the  ly m p h o c y te  p o p u la t io n  of m o u s e  bone m a r r o w .  T h e s e  c e l l s  
ex h ib i ted  a  b la s to g é n ie  r e s p o n s e  upon  c u l tu r e  w ith  h igh  d o s e s  of 
PHA f o r  p ro lo n g e d  p e r i o d s .  A p p ro x .  2 0 /u .g /m l  of PH A  m a x im a l ly  
s t im u la te d  th e s e  c e l l s ,  the  p e a k  p r o l i f e r a t i v e  r e s p o n s e  o c c u r r i n g  
b e tw e e n  4 -7  d a y s  of c u l t u r e . T h e  s y s t e m  w a s  c o n s id e r e d  to  
en h an c e  the  o th e r w is e  m e a g e r  PH A  r e a c t iv i t y  s e e n  w ith  w ho le ,  
u n f r a c t io n a te d  bone  m a r r o w  c e l l s  by a b o u t  15 fo ld .  T he  
d i s t r i b u t io n  p r o f i l e  of th e s e  c e l l s  on the  g r a d ie n t  w a s  s i m i l a r  to  
th a t  of e r y t h r o c y t e s  and  co u ld  be  r e a d i ly  d e te c te d  v i s u a l ly  and 
r e c o v e r e d  w ith  the  e r y t h r o c y t e - r i c h  f r a c t i o n s .  I t  i s  no t know n 
w h e th e r  the  PH A  r e a c t i v i t y  of th e s e  c e l l s  w a s  a c q u i r e d  s i m i l a r  to 
an  a n t ig e n - d r iv e n  m a tu r a t i o n ,  le a d in g  to a p r o l i f e r a t i v e  r e s p o n s e ,  
a s  h a p p e n s  a f t e r  a n t ig e n - p r im in g  of v i rg in  ly m p h o c y te s .  
A l t e r n a t iv e ly ,  th i s  co u ld  r e p r e s e n t  a m a tu r a t i o n a l  ev en t o u ts id e  the  
th y m ic  e n v i ro n m e n t .  I n v e s t i g a t io n  of the  f i r s t  h y p o th e s is  i s  o u ts id e  
the scope of th i s  s tu d y .  H o w e v e r ,  if  th e  l a t t e r  a l t e r n a t iv e  i s  a 
te n a b le  p o s s ib i l i ty ,  i t  w ould  be  f u r t h e r  e lu c id a te d  by p r i o r  
e x p o s u re  of the  c e l l s  to  the  th y m ic  e n v i ro n m e n t ,  su ch  a s  by 
C O - c u l tu r e  w ith  t h y m u s - d e r i v e d  m o n o l a y e r s  o r  by in c u b a t io n  w ith  
t h e i r  s u p e r n a t a n t s .  A ny d e g r e e  of im m u n o c o m p e te n c e  in d u c e d  
in  t h e s e  c e l l s  m ig h t  p o s s i b ly  a l t e r  th e  k in e t i c s  of t h e i r  PH A  
r e s p o n s e .  I t  w a s  in te n d e d  to fo llow  such  a l in e  of in v e s t ig a t io n .
I l l
P R O C E D U R E
A l i n e a r  s u c r o s e  g r a d ie n t  g e n e r a t in g  a p p a r a tu s  w a s  d e s ig n e d ,  
c o n s t r u c t e d  and t e s t e d  f o r  r e p r o d u c i b i l i ty  of c e l l  r e c o v e r y .  T h e  
ly m p h o c y te  f r a c t io n s  w ith  th e  d i s t r i b u t io n  p r o f i l e  of e r y t h r o c y t e s  
w e r e  r e c o v e r e d  f r o m  su ch  g r a d ie n t s  and in c u b a te d  w ith  P H A , 
c lo s e ly  fo llo w in g  th e  c u l tu r e  c o n d i t io n s  of P r e s s  and R o s s e  (1977a) 
a s  f a r  a s  p o s s i b l e .
B one  m a r r o w  ly m p h o c y te s  i s o la t e d  f r o m  su ch  g r a d ie n t s  w e r e  
c o - c u l tu r e d  w ith  th y m u s - d e r i v e d  c e l l u l a r  m o n o l a y e r s  to p o s s ib ly  
ind u ce  th e  e x p r e s s io n  of T c e l l  d i f f e r e n t i a t io n  a n t ig e n s  ( C h a p te r  1). 
T h e y  w e r e  a l s o  u s e d  in  th e  a t t e m p te d  r e c o n s t i t u t i o n  of e m b ry o n ic  
th y m u s e s  d e p le te d  of t h e i r  en d o g en o u s  ly m p h o id  c e l l s  (C h a p te r  2).
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R E S U L T S
A , C h a r a c t e r i s a t i o n  of f r a c t i o n s  f r o m  g ra d ie n t
T h e  c o n s t r u c t io n  and o p e r a t io n  of the  a p p a r a t u s  h a s  b e e n  
d e s c r ib e d  in  d e t a i l  in  th e  M eth o d o lo g y , a s  in  the  m e th o d  of c e l l  
r e c o v e r y ,  A c a l i b r a t i o n  c h a r t  show ing  r e f r a c t i v e  in d ic e s  of 
s ta n d a rd  so lu t io n s  of s u c r o s e  i s  shown in  F i g .  (13 ) .  In  su b s e q u e n t  
e x p e r i m e n t s ,  th e  d e n s i t i e s  of s u c r o s e  s o lu t io n s  in  v a r io u s  f r a c t i o n s  
f r o m  th e  g r a d ie n t  w e r e  o b ta in ed  by p u n c tu r in g  th e  b o t to m  of the  
c e n t r i f u g e  tu b e s  and  le t t in g  th e  f r a c t io n s  d r ip  o u t .  T h e  d e n s i ty  
of th e  v a r io u s  f r a c t i o n s  f r o m  an  i l l u s t r a t i v e  e x p e r i m e n t  is  shown 
in  F i g .  (14), w h ich  v e r i f i e s  th e  l i n e a r i t y  of th e  g r a d ie n t .  T h i s  
d a ta  w as  o b ta in e d  a f t e r  c e n t r i f u g in g  a  s a m p le  of c e l l s  to a s c e r t a i n  
th a t  th e  p a s s a g e  of c e l l s  th ro u g h  i t  did not u p s e t  th e  g r a d ie n t  by  
g e n e r a t in g  p o s s ib le  c o n v e c t io n  c u r r e n t s .  F ig .  (15) show s th e  
d i s t r i b u t io n  of c e l l s  r e c o v e r e d  f r o m  a  s i m i l a r  g r a d ie n t  a f t e r  
c e n t r i f u g a t io n ,  10 m l  g r a d i e n t s  w e r e  e m p lo y ed  in  the  e a r l i e r  
e x p e r im e n t s  to  f a c i l i t a t e  m o r e  r a p id  c e l l  r e c o v e r y .  T h e  n u c le a te d  
c e l l s  w e r e  r e c o v e r e d  in  3 f r a c t i o n s ,  w h ich  a p p r o x im a te  th e  
d i s t r i b u t io n  p r o f i l e  of th e  b u lk  of th e  e r y t h r o c y t e s .  T h e  f r a c t i o n  
a t  the  top of the  g r a d i e n t  c o n ta in s  a  p r o p o r t i o n  of n u c le a te d  c e l l s  
th a t  i s  h e a v i ly  c o n ta m in a te d  w ith  e r y t h r o c y t e s .  T h e  l a s t  f r a c t io n  
w as  v e ry  c e l l u l a r  and m o s t l y  c o m p o s e d  of c e l l s  w h ich  r a p id ly  
s e d im e n te d  to th e  b o t to m .  .The two p e a k s  of n u c le a te d  c e l l s  and 
e r y th r o c y te s  f r o m  th e  top  of the  g r a d ie n t  c o n ta in e d  c e l l s  of 
d i f f e r e n t  d e n s i ty  p r o f i l e s ,  be ing  w a sh e d  down by th e  t r a v e l l i n g  
m e n i s c u s  f r o m  th e  s id e s  of th e  c e n t r i f u g e  tu b e .  T h e  a p p a r a tu s
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1.36
R e f r a c t i v e  in d ic e s  of s ta n d a rd  s u c r o s e  so lu t io n s
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D is t r ib u t io n  of bone  m a r r o w  c e l l s  in  g r a d ie n t5.0r
(dow nw ard  c o l le c t io n ) F i g .  (15)
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and m e th o d  of r e c o v e r y  w e r e  m o d if ie d  to o v e r c o m e  th i s  a r t i f a c t ,  
by r e c o v e r i n g  th e  f r a c t i o n s  by u p w a rd  d i s p l a c e m e n t  u s in g  a 
d e n s e r  (20%) s u c r o s e  s o lu t io n .
F i g .  (16) show s th e  d e n s i ty  of f r a c t io n s  i s o la t e d  by  u p w a rd  
d i s p la c e m e n t  an d  the  d i s t r i b u t io n  i s  s e e n  to  be s i m i l a r  to the  
p r e v io u s  p r o c e d u r e .  F i g s .  (l 7) and (18) show th e  p r o f i l e  of c e l l s  
r e c o v e r e d  f r o m  10 m l  g r a d i e n t s  by u p w a rd  d i s p l a c e m e n t .  T h e  
sh o u ld e r  of p e a k s  s e e n  a t  the  top  of th e  g r a d ie n t  p r e v io u s l y  a r e  
lo s t  in  th e  m o d i f ie d  m e th o d  of r e c o v e r y .  A few  f r a c t i o n s  of 
n u c le a te d  c e l l s  ex h ib i t  a  s i m i l a r  d i s t r i b u t io n  p r o f i l e  to  the  
e r y t h r o c y t e s  and  a r e  th o u g h t to  c o n ta in  th e  bone m a r r o w  lym p h o cy tes .  
Bone m a r r o w  c e l l s  f r o m  n o r m a l  a n im a ls  and th o s e  p r e v io u s l y  
t r e a t e d  w ith  w e r e  s e p a r a t e d  on the g r a d i e n t s .  P l a t e  (70) show s
a c y to c e n t r i f u g e  p r e p a r a t i o n  of u n f r a c t io n a te d  bone  m a r r o w  c e l l s  
f r o m  HN^ t r e a t e d  m i c e .  L a r g e  u n d i f f e r e n t ia t e d  b l a s t  c e l l s ,  
s m a l l / m e d i u m  ly m p h o c y te s  and  s u rv iv in g  e r y t h r o c y t e s  a f t e r  
hypo ton ic  shock  a r e  e v id e n t ,  P l a t e  (71) show s th o s e  f r a c t io n s  of 
c e l l s  r e c o v e r e d  w ith  the  e r y t h r o c y t e - r i c h  l a y e r  a f t e r  c e n t r i f u g a t io n  
of HN^ t r e a t e d  bone  m a r r o w  c e l l s .  C e l l s  r e s e m b l in g  s m a l l / m e d iu m  
ly m p h o c y te s  p r e d o m i n a t e .  P l a t e  (72) show s th e  c e l l s  r e c o v e r e d  
f r o m  th e  p e n u l t im a te  f r a c t i o n  (no. 9), l a r g e  b l a s t  c e l l s  and 
im m a t u r e  g r a n u lo c y te s  a r e  th e  m o r e  c h a r a c t e r i s t i c  c e l l s  r e c o v e r e d  
in  th i s  f r a c t i o n .  P l a t e  (73) show s c e l l s  f r o m  f r a c t i o n a t e d  n o r m a l  
bone  m a r r o w  r e c o v e r e d  in  the  e r y t h r o c y t e - r i c h  l a y e r s ,  th e s e  
f r a c t i o n s  w e r e  b e l ie v e d  to in c lu d e  th e  bone m a r r o w  ly m p h o c y te s .
In  b o th  th e s e  e x p e r i m e n t s ,  the  e r y t h r o c y t e s  w e r e  found to  be  lo c a te d  
b e tw e e n  a p p r o x .  0 .0 7  and 0 .0  9 g / m l  of s u c r o s e ,  th e  p e a k  of n u c le a te d
P l a t e  (70) G y to s p in  p r e p a r a t i o n  of bone m a r r o w  c e l l s  f r o m  
n i t r o g e n  m u s t a r d  (HN^) t r e a t e d  m i c e .  L a r g e ,  
u n d i f f e r e n t ia t e d  b l a s t  c e l l s  and s m a l l / m e d i u m  
ly m p h o c y te s  a r e  s e e n .
J  and G x  4 80
P l a t e  (71) T h e  p r o p o r t i o n  of s m a l l / m e d i u m  ly m p h o c y te s  
f r o m  above  a r e  e n r ic h e d  a f t e r  s e p a r a t io n  on 
s u c r o s e  d e n s i ty  g r a d i e n t s .
J  and G x 4 80
P l a t e  (72) L a r g e  b l a s t  c e l l s  and  i m m a t u r e  g r a n u lo c y te s  
a r e  r e c o v e r e d  a t  the  b o t to m  of the  g r a d ie n t ,







P l a t e  (73) B one  m a r r o w  ly m p h o c y te s  f r o m  n o r m a l  a n im a ls  
th a t  a r e  r e c o v e r e d  w ith  e r y t h r o c y t e s  a f t e r  
g r a d ie n t  s e p a r a t io n ,
J  and G x  4 80
P la t e  (74) A s  ab o v e ,  bu t f r o m  a d i f f e r e n t  s e p a r a t i o n ,  
J  and G x 4 80
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Dii s t r i b u t i o n  of c e l l s  in g r a d ie n t  (up w ard  d i s p la c e m e n t )
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D is t r i b u t io n  of c e l l s  in g r a d ie n t  (u p w ard  d i s p la c e m e n t )
HN^ t r e a t e d  bone  m a r r o w F i g .  (18)
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c e l l s  p r e c e d e d  th e s e  by one f r a c t i o n .  A b e t t e r  s e p a r a t io n  w a s  
a c h ie v e d  by u s in g  a l a r g e r  14 m l  g r a d ie n t  ( F ig .  1 9 ) .  T h e  
ly m p h o c y te  p e a k  c l o s e l y  a p p ro x im a te d  the  e r y th r o c y te  r e c o v e r y  
p r o f i l e ,  a c y to c e n t r i f u g e  p r e p a r a t i o n  f r o m  th i s  e r y t h r o c y t e - r i c h  
l a y e r  show s a p r e d o m in a n c e  of c e l l s  w ith  ly m p h o id  m o rp h o lo g y  
( P la t e  74).  In  th i s  e x p e r i m e n t ,  the  e r y t h r o c y t e s  w e r e  r e c o v e r e d  
n e a r e r  th e  to p  of th e  g r a d i e n t ,  c o r r e s p o n d in g  to  s u c r o s e  d e n s i t i e s  
of 0 .0 5  - 0 .0 7  g / m l .  In  th e s e  c e l l  s e p a r a t i o n  e x p e r i m e n t s ,  th e  
n u m b e r s  of c e l l s / f r a c t i o n  (1 m l)  w e r e  e n u m e r a te d  u s in g  a C o u l t e r  
c o u n t e r .  T h u s  any  e r r o r s  a r e  s t a n d a r d  th ro u g h o u t  th e  f r a c t i o n s ,  
th i s  b e in g  th e  e r r o r s  i n h e r e n t  in  the  i n s t r u m e n t .
In  a  s i m i l a r  e x p e r i m e n t ,  e r y t h r o c y t e s  w e r e  p r e v io u s l y  ly s e d  
by hypo ton ic  shock  and  th e  n u c le a te d  c e l l s  w e r e  c e n t r i f u g e d  on a 
14 m l  g r a d ie n t .  T h e  m a j o r i t y  of n u c le a te d  c e l l s  w e r e  r e c o v e r e d  
b e tw e e n  f r a c t io n s  4 - 6 ,  c o r r e s p o n d in g  to  s u c r o s e  d e n s i t i e s  of 
0,08-0.095 g/m l (Bîg.20). T h e  c e l l s  f r o m  th is  e x p e r i m e n t  w e r e  r e c o v e r e d ,  
p oo led  in to  two g ro u p s :  (A), c o m p r i s in g  f r a c t i o n s  (1 -7 )  containing, the  
bone m a r r o w  ly m p h o c y te s  (BMLi). and (B), c o m p r i s in g  f r a c t i o n s  (8 -14 )  
w h ich  c o n s t i tu te d  th e  bone  m a r r o w  r e s id u e  (BM R). B o th  g ro u p s  of 
c e l l s  w e r e  c u l tu r e d  f o r  4 d a y s  w ithou t PHA and  t h e i r  r a t e  of 
s p o n ta n e o u s  DNA s y n th e s i s  w a s  a s s a y e d  by  th e  u p ta k e  of d R .
T a b le  (13) sh o w s th a t  ho s ig n i f ic a n t  d i f f e r e n c e s  e x i s t  betw een, th e s e  
g ro u p s .
Up to a ~  of n o r m a l  bone m a r r o w  c e l l s  w e r e  found to  be 
e r y th r o c y te s ;  in  t r e a t e d  m a r r o w ,  th e y  w e re  th e  p r e d o m in a n t
121 1
D is t r ib u t io n  of c e l l s  in  g r a d ie n t  {upw ard  d i s p la c e m e n t )
F i g .  (19)
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D is t r ib u t io n  of c e l l s  in  g r a d ie n t  (u p w ard  d i s p la c e m e n t )
F i g .  (20)
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c e l l s  w h e r e  a p p r o x .  10^ n u c le a te d  c e l l s  w e r e  o b ta in e d  by f lu s h in g  
out the  f e m o r a l  c a v i ty .  A p p ro x .  a ~  of th e  n u c le a te d  c e l l s  in  
n o r m a l  bone m a r r o w  h ad  ly m p h o id  m o rp h o lo g y .  T h i s  p r o p o r t i o n  
w as  e n r ic h e d  by  g r a d ie n t  c e n t r i f u g a t io n  to b e tw e e n  65-80% . 
A p p ro x .  a o f  th e  n u c le a te d  c e l l s  loaded , onto th e  g r a d ie n t  w e r e  
r e c o v e r e d  in  th e  B M L  f r a c t io n  a f t e r  c e n t r i f u g a t io n .
B . E f fe c t  of s u c r o s e  on PHA r e s p o n s iv e n e s s
In  t h e s e  e x p e r i m e n t s ,  th e  c e l l s  w e r e  e x p o se d  to  s u c r o s e  f o r  
v a ry in g  le n g th s  of t im e ;  t h e r e f o r e  th e  e f fe c t  of p r i o r  in c u b a t io n  
w ith  10% s u c r o s e  f o r  30 m i n u te s ,  on  the  s u b s e q u e n t  PH A  r e s p o n s e  
of w h o le ,  u n f r a c t io n a t e d  bone  m a r r o w  c e l l s  w as  in v e s t ig a t e d .  T h e  
c e l l s  w e r e  in c u b a te d  fo r  4 d a y s  w ith  20, 10 and  5 y t tg /m l  of PH A . 
T a b le  (14) i n d i c a te s  th a t  a t  m o s t  c e l l  c o n e s ,  and d o s e s  of P H A ,  
th e r e  w e r e  no s ig n i f i c a n t  d i f f e r e n c e s  b e tw e e n  th e  g r o u p s .  T h e  
d i f f e r e n c e s ,  w hen  p r e s e n t ,  show ed  th a t  s u c r o s e  t r e a t e d  c e l l s  w e r e  
s t im u la te d  to  a  s l ig h t ly  g r e a t e r  e x te n t .
C . PHA  r e s p o n s e s  of f r a c t io n a t e d  c e l l s
T h e  c e l l s  r e c o v e r e d  f r o m  th e  g r a d ie n t  w e r e  p o o le d  in to  two
g ro u p s  a s  b e f o r e ,  bone  m a r r o w  ly m p h o c y te s  (BML) and  r e s id u e
(BM R). T h e  B M L  c o m p r i s e d  th e  n u c le a te d  c e l l s  in  th e  e r y t h r o c y t e -
r i c h  f r a c t i o n s  p lu s  2 x  1 m l  f r a c t i o n s  be low  th i s  l a y e r ;  the  BM R
c o m p r i s e d  th e  c e l l s  f r o m  a l l  f r a c t io n s  be low  the  f o r m e r ,  in  th e
d e n s e r  l a y e r s .  T h e y  w e r e  c u l tu r e d  w ith  PH A  a t  a  h igh  d o se  of
52 0 / a g / m l  f o r  a to t a l  p e r io d  of 4 d ay s  a t  a c e l l  c o n c .  of 7 x  10 / w e l l .
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T a b le  ( I j ) .  S p o n tan e o u s  DNA s y n th e s i s  of bone m a r r o w  c e l l s  
i s o la t e d  f r o m  g ra d ie n t
C e l l s  M ean  c p m  t  SD BE S a m p le  (N)
B M L  111 + 39 9 19
BM R 83 + 18 5 14
C e l l s  c u l tu r e d  a t  1 0 ^ /w e ll
No d i f f e r e n c e  b e tw e e n  ab o v e  g ro u p s  (p >  0 .0 5 )
T a b le  (14). E f fe c t  of p r i o r  e x p o s u re  to  s u c r o s e  on  PHA r e s p o n s e  
of bone m a r r o w  c e l l s
S a m p le  (N) = 5
PHA C e l l T r e a t e d c e l l sD o se c o n c . + pAXg-lml 5X 10 Mean c p m  - SD SI SD Mean c p m  t l SD SI SD
20 10 369 + 120 1.7 + 0.3 440 + 110 3.9 + 2.5 A.O. 02
5 281 + 117 1.2 + 0.5 544 + 57 5.0 + 1.3 < 0.. 001
2 37 8 + 2 84 1.9 + 1.5 405 + i l l 2.3 + 0.7 7 0 , , 1
10 10 256 + 43 1.2 4- 0.3 330 + 86 2.9 + 1.9 <0. ,02
5 363 + 94 1.6 + 0.6 351 + 26 3.2 0.8 < 0 . ,001
2 166 + 56 0.9 + 0.3 327 + 21 1.8 + 0.6 < 0., 001
5 10 297 + 41 1.4 + 0.3 192 + 11 1.7 + 1.0 > 0 . , 1
5 328 + 42 1.5 + 0.2 201 + 40 1.9 + 0.6 > 0 . ,05
2 243 + 46 1.3 + 0.3 24 0 + 28 1.3 0.4
- 10 214 + 44 114 + 70
5 226 12 108 + 27
2 194 + 34 179 •f 57
T a b l e ( 1 5 ) . PHA r e s p o n s e  of bone m a r r o w  c e l l s  s e p a r a t e d  on 
g r a d ie n ts
C e l ls  t  PHA M ean  c p m  t  SD SI + SD S a m p le  (N) p
B M L + PHA 347 ± 34 1 .9  + 0 .3  6 4 . 0 . 0 0 1
B M L only  175 + 29 6
B M R + PHA 46 + 11 1 . 1  + 0.  6 4 > 0 . 1
BM R only  42 + 20 3
D if fe re n c e  b e tw e e n  B M L and BM R (p Z 0 . 0 1 )
C e l l s  a t 7 X  lO ^ /w e l l .  PHA a t  20vKg/ml.  C u l tu re d  f o r  4 d a y s .
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T a b le  (15) show s t h e i r  p r o l i f e r a t i v e  r e s p o n s e  a s s a y e d  24 h a f t e r
125the  a d d i t io n  of 0,2yMiGi of lU d R . T h e  r e s p o n s e  o b ta in ed  is  
m e a g r e ,  w ith  a s t im u la t io n  in d e x  of 1. 9 f o r  th e  B M L  w h e r e a s  the 
BM R did no t r e s p o n d  to P H A . In  a  s e p a r a t e  e x p e r i m e n t ,  the  
e f fec t  of a u to lo g o u s  m o u s e  s e r u m  s u p p le m e n t  on  th e  PHA r e s p o n s e  
of B M L  w as  in v e s t ig a t e d ,  and w as  n o t  found to be s ig n i f ic a n t ly  
d i f f e r e n t  f r o m  th a t  of f o e ta l  c a l f  s e r u m  (T a b le  16).
T h e  B M L  and  B M R f r a c t i o n s  w e r e  c u l tu r e d  f o r  a lo n g e r  p e r io d  
of 5 d a y s  a t  v a r io u s  c e l l  c o n e s ,  and PHA a t  20yi<g/ml. T h e r e  a r e  
m o d e r a t e  d i f f e r e n c e s  b e tw e e n  the  g ro u p s  w h ich  a r e  m o r e  a p p a r e n t  
a t  the  h ig h e r  c e l l  c o n e s ,  and  i s  in s ig n i f ic a n t  a t  the  lo w e s t .  L y m p h
5node c e l l s  w e r e  c u l tu r e d  a s  a  c o n t r a s t ,  a t  a c o n c .  of 2 x  10 /w e l l  
w ith  PHA a t 20 and 4 ^ g / m l .  I t  c a n  be s e e n  th a t  a t  2 0 / ig /m l ,
PHA in h ib i t s  th e  p r o l i f e r a t i v e  r e s p o n s e  of ly m p h  node  c e l l s .  B M R 
w as  s t im u la te d  to a l e s s e r  e x te n t  than  the  B M L  and h av e  s l ig h t ly  
lo w e r  s t im u la t io n  in d ic e s  w h e r e  t h e r e  i s  a s ig n i f ic a n t  d i f f e r e n c e  
(T ab le  17). In a  s u b se q u e n t  e x p e r im e n t ,  B M L  and BM R w e r e  
c u l tu r e d  f o r  4 and  5 d a y s  a t  a c e l l  c o n c .  of 7 x  1 0 ^ /w e l l  w ith  PHA 
a t  v a ry in g  d o s e s  of 16, 8, 4 and  2>ug/ml. T a b le  (18) show s th a t  
a t  th e s e  lo w e r  d o s e s  of P H A , the  p r o l i f e r a t i v e  r e s p o n s e  is  
n e g l ig ib le  in  th e  B M L  and i s  a b s e n t  in  n e a r ly  a l l  th e  B M R g r o u p s .
A lo n g e r  c u l tu r e  p e r io d  of 5 d a y s  did  not e l i c i t  a g r e a t e r  r e s p o n s e ,  
e x c e p t  a t  8/U.g/ml of P H A , w h e r e  a s l ig h t ly  i n c r e a s e d  s t im u la t io n  
w as  o b s e r v e d .
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T a b le  (16). E f fe c t  of m o u s e  s e r u m  su p p le m e n t  on PHA re s p o n s e  
C e l l s  + PHA S e r u m  s u p p le m e n t  M ean  c p m  + SD SI + SD
B M L  + PHA 
B M L only  
B M L  + PHA 
BM L only
M o u se  s e r u m  
M o u se  s e r u m  
ECS 
ECS
219 t  70 
144 + 38 
354 + 193 
193 + 51
1 . 5 1 0 . 6  
1 . 8  + 1 . 0
S am p le  (N) = 6
No s ig n if ic a n t  d i f f e r e n c e  b e tw e e n  s e r u m  e f fe c ts  (p > 0 , 1 )
T a b le  (1 7 ) . PHA r e s p o n s e  of bone  m a r r o w  c e l l s  s e p a r a t e d  on 
g r a d ie n t s
C e l l  c o n c .
C e l l s  + PHA X /w e l l  M e a n c p m
BM L + PHA 8 410 t  50
4 278 ± 83
2 175 + 33
B M L  only 8 175 t  24
4 132 t  25
2 114 t  20
BM R + PHA 8 357 + 26
4 291 + 43
2 297 t  25
BM R only 8 257 + 67
4 239 t  38
2 163 t  51
C o n tro l s
lym ph  node ,
c e l l s  + PHA 2 X 10' 2 0 / tg /m l
ly m p h  node ,
c e l l s  + PHA 2 X 10' 
4yWg/ml
ly m p h  noden 1 2 x 1 0c e l l s  only
231 + 66 
14802 t  1149 
73 + 15
SI + SD S a m p
2 .3  + 0 .4
2 .1  t  0 .7  
1 .5  + 0 .4
3 .1  + 1 .1  6
202 + 4 4 .4  12
1 .4  t  0 .4  
1 .2  t  0 .3
1 . 8  + 0 . 6
< 0 . 01  
< 0 . 01  
C 0. 01
< 0 . 0 1  
>  0 .0 5  •. 
< 0 . 0 0 1
C e l l s  c u l tu r e d  fo r  5 d a y s
D i f f e r e n c e s  b e tw e e n  BM L and BM R only  a t  h ig h e r  c e l l  c o n e s ,  (p <  0.001)
127
T a b le  ( 18). PHA r e s p o n s e  of g r a d ie n t  e n r ic h e d  bone m a r r o w  c e l l s :  
D o se  s tudy  and c o m p a r i s o n  of c u l tu r e  p e r io d s
PHA 












4 day  c u l tu r e
M ean  c p m  . 
t  SD
231 + 57 
205 + 48 
164 ± 40 
176 + 27 
110 t  46
103 t  19 
89 + 23 
91 + 34 
77 + 28 
108 + 23
2.1 + 1.0 
1.9+ 0.9 




0.8 t  o. 3 
0.7 +0.3
5 day  c u l tu r e
p M e a n  c p m  + SD SI
+ SD P
0.01 206 + 68 3.0 + 1.2 < 0.01
0.02 224 + 43 3.3 + 0.9 < 0.001
0.05 139 + 30 2.1 + 0,6 < 0.01
0.05 80 + 18 1.2 + 0.4 > 0.1
68 + 13
0.1 158 + 30 2.4 + 1.3 < 0.01
0.1 132 + 33 2.1 + 1.2 < 0..C2
0.1 63 + 27 0.9 + 0.6 > 0.1
0.005 105 + 26 L6 + 0.9 > 0.05
64 + 32
S a m p le  (N) = 5
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DISC USSION
T h e  g e n e r a t io n  of a  l i n e a r  g r a d ie n t  of s u c r o s e  by th e  a p p a r a tu s  
c o n s t r u c t e d  w a rs 'c o n s id e re d  r e p r o d u c i b le .  F o r  a n u m b e r  of r e a s o n s ,  
the  g r a d ie n t  w a s  n o t  c o n s id e r e d  to  s e p a r a t e  c e l l s  by  d e n s i ty  
e q u i l ib r a t io n ,  b e c a u s e  of th e  d i s t r i b u t io n  p r o f i l e  of th e  r e c o v e r e d  
c e l l s .  W hen c e n t r i f u g e d  f o r  p ro lo n g e d  p e r io d s ,  a l l  th e  c e l l s  w e r e  
r e c o v e r e d  in  a  p e l l e t .  A s  c e l l s  w ith  a  h ig h  n u c le u s :  c y to p la s m  
r a t i o  a r e  c o n s id e r e d  to  be th e  d e n s e r  c e l l s ,  s m a l l  ly m p h o c y te s  
w ould  be e x p e c te d  to be  r e c o v e r e d  a t  the  lo w e r  end of the  g r a d ie n t ,  
in  th e  d e n s e r  f r a c t i o n s ;  in  t h e s e  s e p a r a t io n s ,  s m a l l  ly m p h o c y te s  
w e r e  r e c o v e r e d  n e a r e r  the  top  of th e  g r a d ie n t .  F u r t h e r m o r e ,  in  
r e p l i c a t e  e x p e r i m e n t s ,  the  e r y th r o c y te  p e a k  w a s  found to  c o r r e s p o n d  
to  s l ig h t ly  d i f f e r e n t  d e n s i t i e s  of s u c r o s e ,  p r o b a b ly  a s  a  c o n s e q u e n c e  
of f lu c tu a t io n s  in  c e n t r i f u g a t io n  s p e e d  and t e m p e r a t u r e .  I t  i s  
c o n s id e r e d  th a t  th e  c e l l s  in  th e s e  s e p a r a t io n  p r o c e d u r e s  w e re  
f r a c t io n a t e d  on the  b a s i s  of s iz e  r a t h e r  th a n  d e n s i ty .  I t  c a n  be  
se e n  f r o m  th e  c y to c e n t r i f u g e  p r e p a r a t i o n s  th a t  i m m a t u r e  g r a n u lo c y te s  
and l a r g e r  c e l l s  w e r e  r e c o v e r e d  f r o m  the d e n s e r  f r a c t i o n s .  H ow ever ,  
a s  the  bone m a r r o w  ly m p h o c y te s  and  e r y t h r o c y t e s  w e r e  c lo s e ly  
a s s o c i a t e d ,  the  l a t t e r  p r o v id e d  an  e a s i l y  id e n t i f i a b le  m a r k e r ;  th e s e  
c e l l s  w e r e  th o u g h t to  c o r r e s p o n d  to  th e  c e l l s  c o n s t i tu t in g  the  
ly m p h o c y te - r i c h  f r a c t i o n s  i s o la t e d  a f t e r  d e n s i ty  c e n t r i f u g a t io n  by 
O sm o n d  and Y o sh id a  (1971) and P r e s s  and R o s s e  (19 7 7 a) .  T h e  c e l l s  
i s o la t e d  by  th i s  m e th o d  r a n g e  in  s iz e  f r o m  7 -1 1  m i c r o n s  in  d i a m e t e r  
and c o r r e s p o n d  to  s m a l l  and m e d iu m  ly m p h o c y te s .  I t  i s  no t know n 
w h e th e r  th e s e  c e l l s  a lso  in c lu d e d  the  bone m a r r o w  t r a n s i t i o n a l  c e l l s
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d e s c r ib e d  by  Y offey  (1966) an d  re v ie w e d  by  R o s s e  (1976), f r o m  w h id i  
s m a l l  ly m p h o c y te s  a r e  th o u g h t  to a r i s e .  T h e i r  s iz e  r a n g e  of 9 -12  
m i c r o n s  w ould  no t p r e c l u d e  th e m  f r o m  th i s  f r a c t i o n .  T r a n s i t i o n a l
c e l l s ,  u n l ik e  s m a l l  ly m p h o c y te s  a r e  tho u g h t to s y n th e s i s e  DNA and 
c o n s e q u e n t ly  i n c o r p o r a t e  T d R  w ithou t m i to g e n ic  s t im u la t io n .
W hen  p oo led  B M L  and B M R  f r a c t i o n s  w e r e  in c u b a te d  w ith  ^^^ lU dR  , 
h ig h e r  l e v e l s  of in c o r p o r a t i o n  w e r e  no t d e te c te d  c o m p a r e d  to  w ho le  
u n f r a c t io n a t e d  m a r r o w ,  and no  n o t ic e a b le  d i f f e r e n c e s  b e tw e e n  the  
B M L  and B M R  f r a c t i o n s  w e r e  s e e n .  A s  th e  B M R c o m p r i s e d  a 
h e t e r o g e n o u s  m i x t u r e  of c e l l s ,  i t  i s  d i f f ic u l t  to  a t t r i b u t e  any 
c h a r a c t e r i s t i c  to  an y  one  p a r t i c u l a r  type  of c e l l  o r  to  c o m p a r e  t h e i r  
PHA r e s p o n s e s  w ith  the  th e  ly m p h o c y te  e n r i c h e d  f r a c t i o n .
T h e  PH A  r e s p o n s i v e n e s s  of bo th  B M L  and B M R  f r a c t i o n s  w e r e  
m i n im a l  w ith  m a x im u m  s t im u la t io n  in d ic e s  of 3. 3 and 1. 8 r e s p e c t i v e l y .  j
T h e s e  v a lu e s  a r e  v a s t ly  d i f f e r e n t  f r o m  th a t  of P r e s s  and R o s s e  (1 977a) I
who r e p o r t  s t im u la t io n  in d i c e s  of b e tw e e n  5 -4 0 .  T h e  m a r k e d ly  4
■ rd iv e rg e n t  r e s u l t s  o b ta in ed  in  th i s  s tudy f r o m  t h e i r ' s  c a n  be a t t r i b u t e d  |
to a few  r e a s o n s ,  a s s u m in g  th a t  s i m i l a r  c e l l  p o p u la t io n s  w e re  
i s o la t e d  in  bo th  i n v e s t ig a t io n s .  In  bo th  s tu d ie s ,  th e  n u c le a te d  c e l l s  
d i s t r i b u te d  w ith  the  e r y t h r o c y t e s  w e r e  r e c o v e r e d  and  s u b s e q u e n t ly  
c u l tu r e d .  A c c o rd in g  to th e s e  i n v e s t i g a t o r s ,  th e  s e n s i t i v i ty  of t h e i r  
e x p e r i m e n t a l  s y s t e m  to d e t e c t  th e  PHA r e a c t iv i t y  of b one  m a r r o w  
c e l l s  d ep e n d e d  upon  lo n g e r  in c u b a t io n  p e r i o d s  w ith  d o s e s  of PHA 
v e r y  m u c h  g r e a t e r  th a n  n o r m a l ly  u s e d  to  s t im u la te  p e r i p h e r a l  
ly m p h o c y te s .  T h e y  found an  i l l - d e f in e d  p e a k  of s t im u la t io n  b e tw e e n  
4-4Q /U g/m l of PHA w h ic h  w a s  m a x im a l  b e tw e e n  4 -7  d a y s .  In  t h i s ,  
s tudy , no m a r k e d  d i f f e r e n c e s  b e tw e e n  e i th e r  d ay  in . th e  PHA r e s p o n s e  il
•i
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on d ay s  4 and  5 of in c u b a t io n  w e r e  d e te c te d ;  s l ig h t ly  g r e a t e r  
s t im u la t io n  in d ic e s  f o r  th e  B M L  w e r e  o b ta in ed  on day  5. T h e  
c u l tu r e  c o n d i t io n s  w e r e  no t c o n s id e r e d  to a d v e r s e l y  a f f e c t  
ly m p h o id  g ro w th  a s  c o n t r o l  ly m p h  node  c e l l s  r e s p o n d e d  v e r y  w e ll  
a t  4/;kg/ml of P H A , but 2 ( ^ g / m l  w as  found to  be  d e f in i te ly  in h ib i to r y .  
In  a  d o s e  s tu d y ,  f r a c t i o n a t e d  B M L  and BM R did n o t  e l i c i t  a m a r k e d  
s t im u la t io n  on e i t h e r  day  o r  a t  any  of th e  lo w e r  d o s e s  of PH A  o r  
c e l l  c o n c e n t r a t i o n s .  P r e s s  an d  R o s s e  (1977a) in c u b a te d  th e  c e l l s  
a t  h ig h e r  c o n c e n t r a t i o n s  of 10^ /  w ell ,  w h e r e a s  f e w e r  c e l l s  w e r e  
u s e d  in  th i s  s tudy  a s  c e l l s  r e c o v e r e d  f r o m  th e  g r a d ie n t  w e r e  a lw a y s  
a t  a p r e m i u m .  T h e y  r e p o r t  th a t  the  b la s to g é n ie  r e s p o n s e  of B M L  
le v e l le d  off a t  2 x  10^ c e l l s / w e l l .  In  a  p r e l i m i n a r y  e x p e r i m e n t ,  
c e l l s  a t  th i s  c o n c .  w e r e  c u l tu r e d ,  bu t w e r e  found no t to s u rv iv e  
a f t e r  3 d a y s  in  c u l tu r e ;  th i s  v e r y  h igh  c o n c .  of c e l l s  w as  c o n s id e r e d  
n o t f a v o u ra b le  f o r  c u l t u r e .  T h e s e  a u th o r s  c l a im  th a t  th e  s t im u la t io n  
of ly m p h  n ode  c e l l s  r e a c h e d  a  p la te a u  a t  1 0 ^ /w e l l .  In  th i s  s tudy ,
5ly m p h  node  c e l l s  w e r e  a lw a y s  c u l tu r e d  a t  2 x  10 /w e l l  w h ich  w as
found to  be  the. o p t im u m  c o n c .  T h e y  a l s o  u t i l i s e d  3H T d R  to
125m e a s u r e  DNA s y n th e s i s ,  w h e r e a s  in th i s  s tudy , lU dR  w a s  u s e d  
to a s s e s s  c e l l  p r o l i f e r a t i o n .  D i f f e r e n c e s  in  the  l e v e l  of i n c o r p o r a t io n  
of d i f f e r e n t  i s o to p e s  should  n o t  a f f e c t  th e  c o m p a r i s o n  of s t im u la t io n  
in d ic e s  f r o m  d i f f e r e n t  s tu d i e s .  T h e s e  i n v e s t i g a t o r s  r e p o r t  th a t  1% 
a u to lo g o u s  m o u s e  s e r u m  s u p p le m e n t  w as  found to  be  o p t im a l  f o r  
s t im u la t io n ;  in  c o n t r a s t ,  t h i s  w as  found to be i n d i f f e r e n t  in  th i s  
s tudy .  T h e  d i f f e r e n t i a l  e f f e c t s  c a u s e d  by v a r io u s  b a t c h e s  and s o u r c e s  
of s e r u m  s u p p le m e n ts  a r e  a  c o n s id e r a t io n  to be ta k e n  in to  a c c o u n t .
I t  i s  p e r h a p s  n o te w o r th y  th a t  c e r t a i n  d i f f e r e n t ia t io n  a n t ig e n s  h a v e  
b een  s p u r io u s ly  e x p r e s s e d  on c e l l s  of o th e r  d i f f e r e n t i a t io n  l i n e a g e s .
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T he  T h y  1 a n t ig e n  h a s  b e e n  d e te c te d  on W e h i /3  c e l l s ,  a  m o n o c y t ic  
c e l l  l in e  in  th e  p r e s e n c e  of c e r t a i n  b a t c h e s  of s e r u m  and no t o t h e r s  
( E .G .  W r ig h t ,  p e r s o n a l  c o m m u n ic a t io n ) .
T h e  a c t iv e  m o i e t i e s  in  m i to g e n s  a r e  th o u g h t  to be g ly c o p ro te in s  
w h ich  bind to  s u g a r  r e s i d u e s  on  c e l l  s u r f a c e  m e m b r a n e s  ( L i s  and 
S h a ro n ,  1973). T h e  p o s s i b i l i ty  th a t  p r i o r  e x p o s u r e  to  s u c r o s e  m ig h t  
c o m p e t i t iv e ly  in h ib i t  th e  m i to g e n ic  e f fe c t  of PH A  by  c a r r y  o v e r  of 
c e l l - b o u n d  s u c r o s e  w a s  d is c o u n te d  a s  no c o n s i s t e n t  d i f f e r e n c e s  w e re  
s e e n  in  the  r e s p o n s e s  of th e  g ro u p s  of c e l l s .  T h e  l e v e l  of
s t im u la t io n  w as  u n i f o r m ly  low a t  a l l  d o s e s  of PH A  and c o n c e n t r a t i o n s  
of c e l l s  t e s t e d .  H o w e v e r ,  th e  d e s ig n  of the e x p e r i m e n t  n e c e s s i t a t e d  
the u s e  of u n f r a c t io n a t e d  bone  m a r r o w  c e l l s .
P r e s s  and R o s s e  (1977a) p o s tu la te  th a t  th e  B M L  c e l l s  th a t  
r e s p o n d  to  PHA  a r e  p r e c u r s o r s  of T c e l l s ,  w h ic h  a r e  f i r s t  in d u c ed  
to fu n c t io n a l  m a t u r i t y  by  PHA  b e f o r e  a b la s to g é n ie  r e s p o n s e  o c c u r s ,  
th u s  a c c o u n t in g  f o r  the  lo n g e r  in c u b a t io n  p e r i o d s  n e e d e d .  They 
c o m p a r e  t h e i r  a c q u i r e d  PH A  r e a c t iv i t y  w ith  the  in d u c t io n  of s u r f a c e  
m a r k e r s  by th y m o s in  and  n o n - th y m ic  a g e n ts  on bone m a r r o w  c e l l s  
r e p o r t e d  in  o th e r  s tu d ie s  (W oody e t a l ,  1973 and S ch e id  e t a l ,  197 3). 
Such  in d u c ib le  c e l l s  in  th e  b one  m a r r o w  m u s t  in c lu d e  p o s t - th y m ic  
p r e c u r s o r s  of T c e l l s .  I t  i s  not know n w h e th e r  p o s t - th y m ic  
p r e c u r s o r s  a r e  a l s o  found in  the  ly m p h o m y e lo id  t i s s u e s  of the  
m a r r o w  p a r e n c h y m a  in  a d d i t io n  to  th o s e  in  th e  v a s c u l a r  b e d .  If  
n o t ,  t h e i r  n u m b e r s  w ould  be  e x p e c te d  to  be  f a i r l y  s m a l l ,  and  
p ro lo n g e d  in c u b a t io n  p e r io d s  w ould  be e x p e c te d ,  f i r s t  to  a m p li fy  
the  PHA r e s p o n s iv e  p o p u la t io n ,  and  s u b se q u e n t ly  to  d e t e c t  a 
b la s to g é n ie  r e s p o n s e .  S uch  a n  ex p lan  a t io n  w ould  a c c o u n t  f o r  the  
k in e t i c s  of th e  PHA  r e s p o n s e ,  w h ich  show s an  e x te n d e d  p la te a u
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b e tw e e n  4 -7  d a y s  a s  r e p o r t e d  by  th e s e  i n v e s t i g a t o r s .  H o w e v e r ,  
th e y  r e f u te  th i s  p o s s i b i l i t y  by o b ta in in g  s i m i l a r  PHA r e s p o n s iv i t y  
u s in g  bone m a r r o w  c e l l s  f r o m  nude m ic e  ( P r e s s  and  R o s s e  1977b).
In  th i s  s tu d y ,  the  B M L  f r a c t i o n  w a s  t e s t e d  fo r  the  T h y  1 
a n t ig e n  and found on a p p ro x .  4% of the c e l l s  (C h a p te r  1). F u r t h e r ­
m o r e ,  th e s e  c e l l s  w hen  in je c te d  in to  an  e m b ry o n ic  th y m u s ,  
d e p le te d  of i t s  own ly m p h o id  c e l l s ,  w e r e  no t a b le  to  r e p o p u la te  the  
o rg a n  in  v i t r o  a s  f a r  a s  co u ld  be  a s c e r t a i n e d  (C h a p te r  2). T h i s  
l a t t e r  f ind ing  c a n  be  i n t e r p r e t e d  to  s u g g e s t  th a t  the  B M L  f r a c t i o n  
d o e s  no t c o n ta in  p r e - t h y m i c  p r e c u r s o r s  ab le  to  r e p o p u la te  th e  th y m u s ,  
u n d e r  the  c o n d i t io n s  of the  e x p e r i m e n t a l  s y s t e m .  T h u s ,  if  the 
p r o p o s e d  p r e c u r s o r  T c e l l s  a r e  in  f a c t  p o s t - t h y m i c ,  a  g r e a t e r  
p r o p o r t i o n  of th e  B M L m ig h t  be  e x p e c te d  to be T h y  1 p o s i t iv e ,  in  
c o n t r a s t  to th e  4% d e te c te d  in  th i s  s tu d y .  H o w e v e r ,  t h e r e  i s  e v id e n c e  
th a t  th e  p r e v a l e n c e  of T h y  1 p o s i t iv e  c e l l s  in  the bone  m a r r o w  of m ic e  
d i f f e r s  b e tw e e n  s t r a i n s ,  and i s  though t to be a b s e n t  in  CBA m ic e  
(Raff, 1971). F u r t h e r m o r e ,  B lo m g r e n  and S v e d m y r  (1971) found 
th a t  a - T h y  1 + C ' t r e a t m e n t  a b o l i s h e d  the PHA r e a c t iv i t y  of 
p e r i p h e r a l  ly m p h o c y te s  b u t  had  no e f fec t  on  the  r e s p o n s e  of bone 
m a r r o w  c e l l s .  T h u s  an y  c o n n e c t io n  b e tw e e n  PHA r e a c t iv i t y  and 
e x p r e s s io n  of T h y  1 h a v e  to  be  i n t e r p r e t e d  w ith  c a u t io n ,  c o n s id e r in g  
the  a n o m a lo u s  p r o p e r t i e s  of bone m a r r o w  ly m p h o c y te s .
C H A P T E R  4
C y to k in e t ic s  of the  th y m u s  d u r in g  p re g n a n c y
133
IN T R O D U C T IO N
T h e  f i r s t  m a j o r  s tudy  of ly m p h o p o ie s is  in  th e  th y m u s  w as  
u n d e r ta k e n  by  M e tc a l f  and  c o - w o r k e r s  and t h e i r  f in d in g s  a r e  
r e v ie w e d  by M e tc a l f  (1964) , T h e  m u r i n e  th y m u s  i s  r e l a t iv e ly  
l a r g e  and c o n s t i t u t e s  15-35% of th e  to ta l  ly m p h o id  m a s s  of th e  
a n im a l ;  the  p r o p o r t i o n  b e in g  g r e a t e s t  in  th e  n e o n a te  and  l e s s  
in  th e  ad u l t  fo llow ing  p o s t - p u b e r t a l  in v o lu t io n , w ith  i n c r e a s in g  
a g e .  I t  is  r e c o g n i s e d  th a t  c e l l  p r o l i f e r a t i o n  in  the  th y m u s  i s  
f a r  g r e a t e r  th a n  in  an y  o th e r  ly m p h o id  o r g a n .  H o w e v e r ,  m o s t  
of th i s  ly m p h o p o ie s i s  i s  a p p a r e n t ly  fu ti le  a s  i t  i s  p a r a l l e l l e d  by 
a  h igh  in c id e n c e  of c e l l  d e a th  in  th e  o rg a n ,  m o s t  of th e  n ew ly  
f o r m e d  ly m p h o c y te s  hav in g  a v e r y  s h o r t  l i f e - s p a n .  L y m p h o c y te  
p r o l i f e r a t i o n  in  th e  p e r i p h e r a l  ly m p h o id  o r g a n s  i s  a c o n s e q u e n c e  
of a n t ig e n ic  c h a l le n g e ;  in  th e  th y m u s ,  i t  is  no t p ro v o k e d  by 
' f o r e ig n '  s t im u l i  a s  i t  i s  not s ig n i f ic a n t ly  d i f f e r e n t  in  g e r m - f r e e  
a n im a ls  th a n  to  th o s e  e x p o s e d  to  a n o r m a l  e n v i ro n m e n t .  S e v e r a l  
f a c t o r s  c o n t r i b u te  to the  h o m e o s t a s i s  of th y m ic  ly m p h o p o ie s i s ;  
h o rm o n a l  in f lu e n c e s  m e d ia te d  by both  g o n ad a l  and a d r e n o c o r t i c a l  
s t e r o i d s  h av e  a  m a r k e d  e f fe c t  on the  c e l l u l a r i t y  of the  th y m u s ,  
le a d in g  to  a s e v e r e  ly m p h o p e n ia  ( C a s t r o ,  1974 and  D o u g h e r ty  e t  a l ,  
1964). A f a c t o r  c o n t r ib u t in g  to  the  a g e - r e l a t e d  a t ro p h y  of the 
o rg a n  i s  the  i n c r e a s e d  l e v e l s  of s te r o id  h o r m o n e s  a f t e r  p u b e r ty .  
Y et th e  th y m u s  a p p e a r s  to  ex h ib i t  s o m e  d e g r e e  of in d e p e n d e n c e  
to in f lu e n c e s  by s y s t e m ic  f a c t o r s ,  n e o n a ta l  th y m u s e s  t r a n s p la n te d  
to o ld e r  a n i m a l s  e x h ib i te d  the  g ro w th  c h a r a c t e r i s t i c s  ty p ic a l  of 
the g r a f t ' s  own ag e  and s t r a i n  (M e tc a lf ,  1961).
T h e  th y m u s  h a s  b een  im p l ic a te d  in  the  s u s c e p t ib i l i ty  to 
l e u k a e m o g e n e s i s ,  i t s  in c id e n c e  be ing  r e d u c e d  a f t e r  th y m e c to m y
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(K aplan , 1950 and  M c E n d y  et a l ,  1944). P o s s i b l e  r e g u la to r y  
c e l l s  r e s p o n s ib l e  f o r  d e t e r m in i n g  th e s e  e f f e c t s  a r e  l ik e ly  to  be 
the  r e t i c u lo e p i th e l iu m  of th e  t h y m u s . I t  h a s  b e e n  c l a im e d  th a t  
in  v i t r o  m o n o l a y e r s  of n o n - ly m p h o id  c e l l s  d e r iv e d  f r o m  th y m u s e s  
of AKR m i c e ,  a  s t r a i n  w ith  a h ig h  in c id e n c e  of s p o n ta n e o u s  
l e u k a e m i a s ,  a r e  a b le  to t r a n s f o r m  th y m o c y te s  u p o n  c o - c u l t u r e  
(W ak sa l  e t  a l ,  197 6), In  v iv o , a g r e a t e r  p r o p o r t i o n  of m i to t ic  
c e l l s  w e r e  s e e n  in  c l o s e  a s s o c i a t i o n  w ith  PAS p o s i t i v e ,  p r e s u m a b l y  
e p i th e l i a l  c e l l s  by M e tc a l f  and I s h id a te  (1961), who p o s tu la te d  th a t  
an  i n t e r a c t i o n  w ith  th e s e  c e l l s ’o r  t h e i r  s e c r e t o r y  p r o d u c t s  in i t i a te d  
m i t o s i s .  T h e  c o r t i c a l  th y m o c y te s  a r e  p ro b a b ly  p r e - d e t e r m i n e d  
to  u n d e rg o  a f in i te  n u m b e r  of m i t o s e s  b e fo r e  th e y  m i g r a t e  to  th e  
m e d u l la  by  w h ich  t im e  th e y  h a v e  expended  th e i r  p r o l i f e r a t i v e  
p o te n t ia l .
T h e  th y m u s  i s  know n to  in v o lu te  r a p id ly  fo llow ing  x - i r r a d i a t i o n  
and i s  s u b s e q u e n t ly  r e p o p u la te d  by  b lo o d -b o rn e ,  s t e m  c e l l s  (F o rd  
et a l ,  1966). F a b r i k a n t  and F o s t e r  (1971) h av e  s u g g e s te d  th a t  
the p r e d o m in a n t  f a c t o r  c o n t ro l l i n g  th y m ic  ly m p h o p o ie s i s  i s  the  
a v a i la b i l i ty  of new  s t e m  c e l l s .  T h e  c e l l u l a r  i ty  of the  th y m u s  is  
a l s o  p e r tu r b e d  d u r in g  p r e g n a n c y ,  c a u s in g  a s ig n i f ic a n t  a p l a s i a  
w h ich  c o n t in u e s  d u r in g  and  r e c o v e r s  a f t e r  l a c ta t io n  (G r é g o i r e ,  1947).
T h e  i n c r e a s e d  s t e r o id  h o rm o n e  le v e ls  d u r in g  p r e g n a n c y  a r e  
though t to be a t  l e a s t  in c id e n ta l ly  p a r t l y  r e s p o n s ib l e  f o r  th e  t r a n s i e n t  
in v o lu t io n  of th e  th y m u s .  H o w e v e r ,  the  f in a l  e f fe c t  w ould  be  s e e n  
in th e  im m u n o lo g ic a l  r e s p o n s i v e n e s s  of th e  a n im a l ,  w h ich  i s  of 
c o n s e q u e n c e  to the  s u r v iv a l  of th e  fo e tu s  a s  a h o m o  g r a f t .  T h e  
im m u n e  s ta tu s  of the  a n im a l  d u r in g  p r e g n a n c y  h a s  b e e n  in v e s t ig a te d
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by a n u m b e r  of i n v e s t i g a t o r s  and  found to  be p e r t u r b e d .  B lo c k in g  
a n t ib o d ie s  ( H e l l s t r o m  e t  a l ,  1969) and s u p p r e s s o r  m e c h a n i s m s  
(M u rg i ta  e t a l ,  1977 and O ld ing  and  Old s to n e ,  1974) h ave  b e e n  
im p l ic a te d  in  m a in ta in in g  w h a t  i s  e s s e n t i a l l y  a  p a r a b io t i c  un io n  of 
d i s p a r a t e  a n t ig e n ic i ty .  H o w e v e r ,  t h e r e  i s  e v id e n c e  th a t  the  
p r e g n a n t  a n im a l  m a y  i t s e l f  evoke  an im m u n e  r e s p o n s e  to fo e ta l  
a n t ig e n s  of p a t e r n a l  geno type  (R o c k l in  et a l ,  197 3 and M a ro n i  
and P a r r o t t ,  1973). In  a d d i t io n  to h i s to in c o m p a t ib l e  a n t ig e n s ,  
t h e r e  a r e  d i f f e r e n c e s  b e tw e e n  fo e ta l  and m a t e r n a l  t i s s u e s ,  the 
e m b ry o n ic  a n t i  g e n s ,w h ic h  m ig h t  be im m u n o g e n ic  ev en  in  sy n g en e ic  
m a t in g s .  T y n d a l l  e t  a l  (1972) h a v e  o b s e rv e d  s i m i l a r i t i e s  b e tw e e n  
e m b r y o g e n e s i s  and  o n c o g e n e s i s ,  s u g g e s t in g  th a t  f a c t o r s  a f fe c t in g  
im m u n e  fu n c t io n s  in  the  m o t h e r  a r e  c o m p a r a b le  to  th o s e  of tu m o u r -  
b e a r in g  a n i m a l s ,  and m ig h t  be c a u s e d  by s i m i l a r  m e c h a n i s m s .  I t  
i s  r e l e v a n t  to  th e s e  c o n s id e r a t i o n s  th a t  k in e t ic  s tu d ie s  of th e  th y m u s  
h ave  b e e n  c a r r i e d  out a f t e r  in  v ivo  t r e a t m e n t  w ith  p r e d n is o lo n e ,  
w h ich  m ig h t  m im ic  th e  e n d o c r in o lo g ic a l  m i l i e u  d u r in g  p re g n a n c y  
(Z a i to u n  et a l ,  1979) and in  t u m o u r - b e  a r in g  a n i m a l s  ( A h e r n e e t a l ,  1980) 
D u r in g  p r e g n a n c y ,  the  s p le e n  a l s o  u n d e r g o e s  a  ch a n g e  in  i t s  
c e l l u l a r  p r o f i l e ,  s p le n o m e g a ly  h a s  b e e n  o b s e r v e d  in  p r e g n a n t  m ic e  
by F o w l e r  and N a s h  (1968) and by  M a ro n i  and D e S o u sa  (197  3). T h i s  
cou ld  be  c a u s e d  e i t h e r  by  ly m p h o c y t ic  p r o l i f e r a t i o n  d u r in g  an  
a l l e r g i c  r e s p o n s e  to  fo e ta l  a n t ig e n ic  s t im u l i ,  o r  m a y  be a  r e f l e c t io n  
of i n c r e a s e d  h a e m o p o ie t ic  a c t iv i ty  d u r in g  p r e g n a n c y .  T h e  m u r in e  
s p le e n  i s  c o n s id e r e d  to  fu n c tio n  a s  a s i te  of e x t r a m e d u l l a r  y 
h a e m o p o ie s i s  in  c o n d i t io n s  of s t r e s s ,  w hen  i t  i s  c a p a b le  of g r e a t ly  
i n c r e a s in g  i t s  e r y th r o p o i e t i c  a c t iv i t y  ( T u r n e r  e t a l ,  1967).
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P R O C E D U R E
In th i s  s tu d y ,  the  g r o s s  c h a n g e s  in  th e  th y m u s  and s p le e n  a t  
d i f f e r e n t  s ta g e s  of g e s ta t io n  w e r e  o b s e r v e d  in  a n  in i t i a l  in v e s t ig a t io n .  
T h e  c e l l u l a r  i ty  of the th y m u s  w as  a l s o  d e t e r m in e d  a t  th e s e  i n t e r v a l s .  
T h e s e  t i m e s  w e r e  c h o s e n  to  r e p r e s e n t  e a r l y  (5 d a y s ) ,  m id  (10 d a y s ) ,  
and la te  (15 days)  s ta g e s  of g e s ta t io n ,  and a t  p a r t u r i t i o n .  A s 
p a r t u r i t i o n  g e n e r a l l y  o c c u r r e d  b e tw e e n  19- 21  d a y s ,  s u b se q u e n t  
e x p e r i m e n t a l  p r o to c o l s  w e r e  c a r r i e d  out a t . th e  l a te  g e s ta t io n a l  
s ta g e  of 15 d a y s  w h ich  w a s  c o n s id e r e d  to be m o r e  c o n s i s t e n t .  
Syngene ic  m a t in g s  b e tw e e n  CBA m i c e  w e r e  u s e d  u n l e s s  o th e r w is e  
s ta te d .
A m o r e  d e ta i le d  s tudy  of the  c e l l  p r o l i f e r a t i o n  c h a r a c t e r i s t i c s  
in  n o r m a l  ( n o n -p re g n a n t )  and  in  p r e g n a n t  a n i m a l s  w a s  u n d e r ta k e n .  
T h e  a n i m a l s  w e r e  t r e a t e d  w ith  v in c r i s t i n e  s u lp h a te ,  a s ta th m o k in e t ic  
a g e n t  in  v ivo and  the  th y m u s e s  r e m o v e d  a f t e r  v a ry in g  t i m e s ,  f ix ed  
and p r o c e s s e d  f o r  h i s to lo g y .  C e l l  p r o l i f e r a t i o n  in  the  th y m u s  w a s  
a s s e s s e d  by e n u m e r a t in g  the  n u m b e r  of c e l l s  a r r e s t e d  in  m e ta p h a s e  
s e e n  a t  a  X8000 m a g n i f ic a t io n .  T h e  n u m b e r  of d iv id in g  c e l l s  w e r e  
co u n ted  e i t h e r / f i e l d  of v iew  o r  w ith in  th e  a r e a  d e f in ed  by a  g r id  
in c o r p o r a te d  in to  the e y e - p i e c e  of the  m i c r o s c o p e ,  in v a r io u s  
r e g io n s  of th e  th y m u s .  A t th i s  m a g n if ic a t io n ,  the  g r id  c o v e r e d  
an  a r e a  of 0 ,0 0 4  sq  m m  of the  s e c t io n .  E a c h  th y m ic  lobe  w as  
c o n s id e r e d  a s  one s a m p le ,  f r o m  w h ich  s e c t io n s  w e r e  m a d e  and 
r e p l i c a t e  c o u n ts  w e r e  ta k e n  f r o m  e a c h  s l id e .  T h e  c e l l u l a r i t y  in  
e ac h  r e g io n  of the th y m u s  w as  c a lc u la te d  by s i m i l a r l y  cou n tin g  th e  
to ta l  n u m b e r  of n u c le i ,  bo th  in m e ta p h a s e  and  i n t e r p h a s e .  A s
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such  r e a d in g s  w ould  in c lu d e  f r a g m e n t s  of n u c le i  c u t  a t  d i f f e r e n t  
d i a m e t e r s  by  the  m i c r o t o m e ,  an  o v e r e s t i m a t io n  of the  to ta l  n u m b e r  
of n u c l e i / a r e a  w ould  r e s u l t .  T h e r e f o r e  th e  m i to t i c  in d ex  o b ta in e d ,  
c a l c u la te d  f r o m  th e  n u m b e r  of m e ta p h a s e  n u c l e i / 1000 lym p h o id  
c e l l s  w a s  c o r r e c t e d  by  the  m e th o d  of A b e r c r o m b i e  (1946). T h e  
c h o rd  le n g th s  of r a n d o m  m e ta p h a s e  and in t e r p h a s e  n u c le i  w e re  
d e t e r m in e d  by m e a s u r e m e n t .  F r o m  the  m e a n  c h o rd  le n g th ,  th e  
t r u e  n u c l e a r  d i a m e t e r s  in m e ta p h a s e  and  in t e r  p h a s e  w e r e  c a l c u la te d ,  
and th u s  the  t r u e  r a t i o  of m e ta p h a s e  n u c l e i / t o t a l  no of d iv id in g  c e l l s ,  
by the  fo llow ing  c o r r e c t i o n : -
Nc = N e ( ~  ) 
w h e re  Nc = c o r r e c t e d  n u c l e a r  d i a m e t e r
N e = e x p e r i m e n t a l l y  d e t e r m in e d  n u c l e a r  d i a m e t e r  
T = s e c t io n  t h i c k n e s s  
L  = m e a n  r a n d o m  c h o r d  le n g th
S im i l a r l y  Me = M e ( .JT^)
w h e re  the  c o r r e s p o n d in g  d i a m e t e r s  a r e  of m e ta p h a s e  n u c le i .
T h e s e  c o r r e c t i o n  f a c t o r s  w e r e  a p p l ie d  to the  n u m b e r  of m e ta p h a s e  
and i n t e r p h a s e  n u c le i  in  the  d i f f e r e n t  r e g io n s  of the  th y m u s  f r o m  the 
s u b e a p s u la r  to  the  c o r t e x / m e d u l l a  ju n c t io n .  T h e  c e l l  p ro d u c t io n
r a t e  w as  d e t e r m in e d  by c a l c u la t in g  the  r a t io  of m i t o s e s / 1000 c e l l s  
in  e a c h  of th e  r e g io n s  of th e  th y m u s ,  and p lo t t in g  th e  d a ta  a g a in s t  
t i m e .  A s t a t i s t i c a l  t r e a t m e n t  of the  d a ta  to o b ta in  th e  l i n e a r  
r e g r e s s i o n  by  th e  m e th o d  of l e a s t  s q u a r e s  on an  A pp le  II c o m p u te r ,  
en a b le d  the  c e l l  p ro d u c t io n  r a t e  to  be  d e t e r m in e d  f r o m  the  g r a d ie n t  
of the  r e g r e s s i o n  l i n e s .
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T h e  im m u n e  r e a c t iv i t y  of p r e g n a n t  and n o r m a l  a n im a ls  w a s  
a s s e s s e d  by in v e s t ig a t in g  the  PHA r e s p o n s i v e n e s s  of t h e i r  s p le e n  
and ly m p h  node c e l l s  a t  a  d o s e  of 4 /U g /m l  of P H A . T h e  r e s u l t s  
r e p r e s e n t  d a ta  f r o m  one a n im a l  p e r  e x p e r i m e n t a l  g ro u p .  T h e  
d i f f e r e n t i a l  c o u n ts  of s p le e n  c e l l s  c o r r e s p o n d  to  e a c h  a n im a l  f r o m
w h ich  the m i to g e n  s t im u la t io n  d a ta  w a s  o b ta in e d .
59CBA m ic e  w e r e  t r e a t e d  w ith  1/U.Ci of F e  to  a s s e s s  th e  
e r y th r o p o ie t i c  a c t iv i t y  in  the  s p le e n  and bone m a r r o w  d u r in g  
p r e g n a n c y  a f t e r  sy n g e n e ic  m a t in g s ,  to f u r t h e r  e lu c id a te  the  c a u s e s  
of th e  o b s e r v e d  s p le n o m e g a ly .
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R E S U L T S
A , C e l l u l a r i t y  of th y m u s  and  spleen, d u r in g  p r e g n a n c y
T h e  c h a n g e s  in  w e ig h t and  c e l l u l a r i t y  of the th y m u s  p a r a l l e l  
e a c h  o th e r  a s  w ould  be  e x p e c te d .  A f te r  5 d a y s  of g e s ta t io n ,  t h e r e  
i s  a n o t i c e a b le  d e c r e a s e  in  th e s e  p a r a m e t e r s ,  th e  t r e n d  i s  s e e n  to  
co n t in u e  f o r  the d u r a t i o n  of th e  p e r io d  of s tu d y  ie .  t i l l  p a r t u r i t i o n .
In  c o n t r a s t ,  t h e r e  i s  a  p ro n o u n c e d  s p le n o m e g a ly  w h ich  i s  m o s t  
a p p a r e n t  a t  m i d - g e s t a t i o n  and d e c r e a s e s  t h e r e a f t e r ,  a l th o u g h  i t  
s t i l l  p e r s i s t s  a t  the  t e r m i n a t i o n  of p r e g n a n c y .  In  sy n g e n e ic  m a t in g s ,  
the  th y m u s  i s  a p p r o x .  h a l f  i t s  n o r m a l  s iz e  a t  p a r t u r i t i o n ,  w h e r e a s  
the  s p le e n  i s  a l m o s t  doub le  i t s  n o r m a l  s iz e  a t  m i d - g e s t a t i o n  (T a b le  
19 and F ig .  21).
In  a  s u p p le m e n ta r y  s tudy ,  th e  w e ig h t and c e l l u l a r i t y  of the  th y m u s  
and s p le e n  f r o m  CBA m i c e  p r e g n a n t  by a l lo g e n e ic  m a t in g s  w ith  C 57 
m a l e s  w e r e  d e t e r m in e d  a t  15 d a y s  of g e s ta t io n  (T a b le  19). T h e  
w eigh t and  c e l l u l a r i t y  of th e  th y m u s  w as  no t found to  be  s ig n i f ic a n t ly  
l e s s  c o m p a r e d  to s y n g en e ic  m a t in g s ;  h o w e v e r  th e  d e g r e e  of 
s p le n o m e g a ly  w a s  found to be g r e a t e r  a t  15 d ay s  th a n  it  i s  a t  10 d ay s  
a f t e r  sy n g en e ic  m a t in g s  w hen  the  s p le e n  i s  a t  i t s  l a r g e s t .
B .  C y to k in e t i c s  of th e  th y m u s
In  a p r e l i m i n a r y  s tu d y ,  n o n - p r e g n a n t  m ic e  w e r e  t r e a t e d  w ith  
1-5 m g  of v i n c r i s t i n e / k g  body wt f o r  a d u ra t io n  of 2 h and  the  no . 
of m e ta p h a s e  n u c le i  in  th e  s u b e a p s u la r  c o r t e x  w e r e  c o u n te d .
A lthough  v in c r i s t i n e  w as  e f fe c t iv e  a t  a l l  d o s e s  t e s t e d ,  a  s l ig h t  p e a k  
a t  2 m g / k g  w a s  d e te c te d  (T a b le  20 and F ig .  22). In  a f u r t h e r  
e x p e r im e n t ,  the  f r e q u e n c y  of p r o l i f e r a t i n g  c e l l s  in  t h r e e  r e g io n s
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T a b le  (19). C hange  in w ei ght of th y m u s and sp le e n  d u r in g p re g n a n c y
Ge s ta t io n a l  
age (days)
W eigh t of 
th y m u s  
(mg) + SD
SE
W eigh t of 
sp le e n  
(mg) + SD
SE
C e l lu la r i ty  
of th y m u s  
c e l l  s X IcA/rr^
SE (]%) p
C o n tro l
non- 49*3t 8 .4 1 .5 71.0+ 9 .3 1 .6 2 .3  t  0 .5 0.08 32
p re g n a n t
5 47.4+ 7 .7 2 .4 69.7 + 9 . 5 3 .0 2 .4  + 0 . 4 0.12 10
10 34.2+ 7 .2 2 .6 120.3 + 11. 5 3 .6 2 .1  ± 0 .5 0.1 12 <0.001
15 24.9 ± 8 .2 2 .6 110.9 + 14.3 4 .5 1 .8  t  0 .3 0.1 10 <0.001
T e r m 12.8+ 3 .1 1.1 91.8 + 16.1 5 .7 1 .1  + 0 .4 0.1 8 <0,001
❖15 day s 21.8+ 5 .0 1 .6 138.5 + 21. 1 6 .7 1 .3  + 0 .4 0.1 10 <  0.01
* In  a l lo g e n e ic  m a t in g s  CBA x  C 57 , sp le e n  l a r g e r  th an  in
syngene ic  p r e g n a n c ie s  (p < 0 . 0 1 )  th y m u s  w e igh t no t d i f f e re n c e  
(p > 0 .1 ) .
O th e r  p v a lu e s  a r e  fo r  both  th y m u s  and s p le e n  w e ig h ts  c o m p a re d  
d u r in g  sy n g en e ic  p r e g n a n c ie s
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C h a n g e s  in  s iz e  of th y m u s  and sp leen  d u r in g  p r e g n a n c y













»  W t.  of th y m u s
«  W t.  of sp le e n20
C e l lu la r i ty  of th y m u s
I 05 15C o n tro l T e r m
n o n -p re g n a n t D ay s  of g e s ta t io n
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T a b le  (20). P r e l i m i n a r y  d o se  s tudy  w ith  v in c r i s t in e
D o se  of v in c r i s t i n e  
m g /k g  body w t.
M ean  n o .  of m e ta p h a s e s  in  
s u b s c a p u la r  c o r te x  t  SD SE
1 1 8 .5  + 3 . 5 1.1
2 2 7 .4  + 8 . 2 2 .6
3 1 9 . 0  + 7 . 2 2 .3
4 2 0 .5  + 2 . 5 0. 8
5 1 4 .8  + 3 .7 1 .2
S am p le  (N) = 10
O p t im a l  d o se  = 2 m g /k g  (p -CO. 05)
T a b le  (21). D i s t r ib u t io n  of m i to t ic  c e l l s  in  th y m ic  c o r t e x
R eg io n  of th y m ic  
c o r t e x
M ean  no . of m e ta p h a s e s  
+ SD SE
S u b s c a p u la r 3 6 .8  t  9 .4 3 .0
M id - c o r t e x 2 6 .7  + 9 .6 3 .0
C o r t e x /m e d u l l a 16 .4  + 12 .7 4 .0
S am p le  (N) = 10
D if fe re n c e  b e tw ee n  s u b s c a p u la r  and c o r t e x /m e d u l l a  re g io n s  ( p <  0 .001 )
T a b le  (22) . V in c r i s t in e  d o se  s tudy
D o se  of M ean  no . of m e ta p h a s e s  t  SD
vine r i  s tine  
m g /k g  body w t.
S u b 'scap u la r  
c o r t e x M id - c o r te x
C o r t e x /
m e d u l la M ed u lla
2 32 .7  t  1 0 .6 4 1 .0  + 7 .2 14 .4  t  S . Z 2 .7  + 1 . 7
(3 .3 ) (2 .3 ) (2 .6 ) (0 .5 )
3 2 2 .5  + 9 .8 2 5 .4  t  8 .4 12 .1  + 8 . 2 5 .2  ± 1 . 9
(3 .1 ) (2 .7 ) (2 .6 ) (0 .6 )
4 2 4 .9  + 7 . 6 2 3 .9  + 9 .3 1 8 .6  + 3 .7 5 .2  + 2 .3
(2 .4 ) (2 .9 ) (1 .2 ) (0 .7 )
5 2 4 .3  + 7 .7 18 .1  + 5 .6 8 .0  Î  3 .4 3 .1  Î  2 . 6
(2 .4 ) (1 .8 ) (1 .1 ) (0 .8 )
S am p le  (N) = 10
N o s .  in  p a r e n t h e s i s  = SE
No s ig n if ic a n t  d i f f e r e n c e s  b e tw e e n  d o s e s  in  s u b s c a p u la r  r e g io n  (p > 0 .0 5 )
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D o s e  of v i n c r i s t i n e  (m g /k g )
D is t r ib u t io n  of m e t a p h a s e s  in  th y m u s:  P r e l i m i n a r y  s tudy










S u b c a p s u la r  c o r t e x  M id - c o r t e x  C o r t e x / m e d u l l a
144
of th e  th y m u s :  o u t e r ,  m id  and  in n e r  c o r t e x  w a s  d e t e r m in e d .  T a b le  
(21) and F i g .  (23) show th a t  t h e r e  a r e  m o r e  p r o l i f e r a t i n g  c e l l s  in  
the  o u te r  and  l e s s  in  th e  in n e r  c o r t e x .  In  a f u r t h e r  s tu d y  w ith  
v in c r i s t i n e  a t  d o s e s  of 2 -5  m g / k g ,  the  no. of d iv id in g  c e l l s  in  the  
t h r e e  c o r t i c a l  r e g io n s  a s  w e ll  a s  in  the  m e d u l la  w e r e  e n u m e r a te d .  
T a b le  (22) and  F ig .  (24) show  th a t  m i to t i c  c e l l s  w e r e  m o s t  f r e q u e n t  
in  th e  o u te r  and m i d - c o r t e x ,  w i th  l e s s  in  the  in n e r  c o r t e x  and 
n e g l ig ib le  c e l l  p r o l i f e r a t i o n  in  th e  m e d u l la  a t  a l l  d o s e s  t e s t e d .  In  
the  su b cap  s u l a r  c o r t e x ,  w h e r e  m o s t  c e l l  d iv i s io n  o c c u r r e d ,  t h e r e  
w e r e  no s ig n i f ic a n t  d i f f e r e n c e s  w ith  d i f f e r e n t  d o s e s  of v i n c r i s t i n e ,  
t h e r e f o r e  th e  lo w e s t  e f fe c t iv e  d o s e  i e .  2 m g  w as  c h o s e n  a s  o p t im a l  
f o r  f u r t h e r  e x p e r i m e n t s .
In  a t i m e  s tu d y  b e tw e e n  1 -6  h  a f t e r  v in c r i s t i n e  t r e a t m e n t  a t  
the  o p t im a l  d o se  (2 m g / k g ) ,  th e  a c c u m u la t io n  of a r r e s t e d  m i to t i c  
n u c le i  in  the  v a r io u s  r e g io n s  of th e  thym ic  c o r t e x  w a s  q u a n t i ta t e d .
In  th i s  and  s u b s e q u e n t  e x p e r i m e n t s ,  the  no , of d iv id in g  c e l l s / g r i d  
a r e a  w e r e  d e t e r m in e d .  T a b le  (23) and  F ig .  (25) show th a t  in  th e  
c o r t i c a l  r e g io n s ,  w h e r e  c e l l  p r o l i f e r a t i o n  is  m o s t  a p p a r e n t ,  u n i fo rm  
i n c r e a s e s  in  th e  no .  of d iv id in g  c e l l s  w ith  t im e  a r e  s e e n  b e tw e e n  
1-3  h a f t e r  t r e a t m e n t  w ith  v i n c r i s t i n e .  T h e r e f o r e  an  a d d i t io n a l  
t im e  s tu d y  f o r  a  d u r a t io n  of 3 h w ith  s h o r t e r  i n t e r v a l s  w as  u n d e r ta k e n  
in  n o r m a l  m i c e . T a b le  (24) and  F i g .  (26) show th e  d a ta  f r o m  th i s  
e x p e r i m e n t .  A s  s e e n  p r e v io u s ly ,  c e l l  p r o l i f e r a t i o n  i s  g r e a t e s t  
in  th e  s u b cap  s u l a r  c o r t e x  and  l e a s t  in  the  c o r t e x / m e d u l l a .  T h e  n o .  
of m i to t i c  c e l l s  i n c r e a s e s  u n i f o r m ly  w ith  t im e  in  a l l  r e g io n s  of th e  
th y m ic  c o r t e x .  A s i m i l a r  s tudy  w as  c a r r i e d  out in  p r e g n a n t  
a n im a l s  a t  15 d a y s  of g e s ta t io n  (T a b le  25 and F i g .  27). N ote th e
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C e l l  p r o l i f e r a t i o n  in  d i f f e r e n t  th y m ic  r e g io n s :  
V in c r i s t i n e  d o s e  s tudy
F ig . (24)50
0  S ubcap  s u l a r  c o r t e x  
■ O u te r  c o r t e x
O In n e r  c o r t e x  




D o se  of v in c r i s t i n e  (m g /k g )
1
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T a b le  (2&). A c c u m u la t io n  of m i to t ic  c e l l s :  t im e  s tudy  in 
n o n -p re g n a n t  m ic e
T im e  a f te r  
v in c r i s t in e M ean  no , of m e ta p h a s e s  t  SD
itm e n t
1r s )
S u b s c a p u la r  
c o r t e x
O u te r  c o r t e x In n e r  c o r t e x C o r t e x /  
m e d u l la
1 6 . 8 1 : 2 . 9 3 . 2 1 2 . 3 1 . 8  i  1 . 4 1 . 3  + 1 . 3
(0 .9 ) (0 .7 ) (0 .4 ) (0 .4 )
2 9 .2  + 3 .6 5 .3  t  2 .7 2 .8  + 2 .1 1 .7  t  1 .6
(1 .1 ) (0 .9 ) (0 .7 ) (0 .5 )
3 14 .7  f  3 .8 6 .1  + 4 . 9 5 . 7  f  3 . 9 6. 6 ± 3 . 0
(1 .2 ) (1 .5 ) (1 .2 ) (0 .9 )
4 12. 1 + 2 . 6 5 . 2  + 3 . 2 4 . 8  + 3 . 2 4 . 4  ± 3 . 8
(0 .8 ) (1 .0 ) (1 .0 ) (1 .2 )
5 1 0 .9  t  5 .7 8 .2  + 5 .8 5 .4  + 3 . 1 2 . 9  ± 1 . 9
(1 .0 ) (1 .8 ) ( f .  0) (0 .6 )
6 1 6 . 2 + 4 . 0 9 . 2  + 4 . 8 7 . 4  + 5 . 0 4 . 6  ± 2 . 6
(1 .3 ) ( I 'S ) (1 .6 ) (0 .8 )
S am p le  (N) = 10
N o s ,  in  p a r e n t h e s i s  = SE
H ig h ly  s ig n if ic a n t  d i f f e r e n c e s  in  n o s .  of m i to t ic  c e l l s  b e tw een  
e x t r e m e s  of the  c o r t e x  ( p ^  0 ,001)
T a b le  ( 24 ). A c c u m u la t io n  of m i to t ic  c e l ls :  t im e  s tudy  in  
n o n - p r e g n a n t  m ic e
T im e  a f t e r  
v in c r i  s t in e M ean  no . of m e ta p h a s e s  t  SD
t r e a t m e n t S u b s c a p u la r O u te r  c o r te x I n n e r  c o r t e x C o r t e x / i(hour s) c o r te x m e d u l la
0. 5 4 . 2  ± 1 . 8 2 .3  t  1.4 0 .8  + 0 .8 0 . 7  ± 1 . 9
(0 .6 ) (0, 4) (0 .3 ) (0 .6 ) 1
1 ,0 6 .5  + 2 .9 3 .6  + 2 ,1 2 ,1  + 1 ,9 1 .1  + 1 .0
(0 .9 ) (0 .7 ) (0 .6 ) (0 .3 ) (
1 .5 8 .4  ± 4 . 1 4 . 1  + 2 . 7 2 . 7  + 2 . 3 1 . 3  + 1. 4
(1 .3 ) (0. 9) (0 .7 ) (0 .4 )
2 .0 1 0 . 8  ± 4 . 6 5 . 5  + 3 . 2 3 . 5  + 2 , 4 1 . 6  + 1 . 6
(1 .5 ) (1 .0 ) (0 .8 ) (0 .5 ) Ï
2 .5 14 . 2  ± 5 . 4 6 , 3  + 3 , 3 4 , 6  t  3 . 1 2 . 8  ± 1 . 9
(1 .7 ) (1 ,0 ) (1 .0 ) (0 .5 ) :
3. 0 1 6 . 1 + 5 . 9 7 . 0  + 4 . 0 5 . 8  + 3 . 8 2 . 7  + 1 . 9
(1 .9 ) (1 .3 ) (1 .2 ) (0 .6 ) 1
S a m p le  (N) = 10 iN o s ,  in  p a r e n t h e s i s  = SE 7
"• f.:
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C e l l  p r o l i f e r a t i o n  in  th y m ic  c o r te x :
T im e  study  in  n o r m a l  m ic e
543 62
S ubcap  s u l a r  
c o r t e x  
■ O u te r  c o r t e x
O In n e r  c o r t e x  
^  C o r t e x / m e d u l l a
D u ra t io n  of v i n c r i s t i n e  (hours)
14 8
C e l l  p r o l i f e r a t i o n  in  th y m ic  c o r te x :
T im e  s tudy  in  n o r m a l  m ic e







# S ubcap  s u l a r  c o r t e x  
■ O u te r  c o r t e x  
O I n n e r  c o r t e x  











D u ra t io n  of v in c r i s t i n e  (h o u rs )
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T a b le  (2 5). A c c u m u la t io n  of m i to t i c  c e l l s :  t i m e  s tudy  in  p r e g n a n t  
m ic e
M e a n  no . of m e ta p h a s e s  t  SD 
S u s b s c a p u la r  O u te r  c o r t e x  I n n e r  c o r t e x  C o r t e x /
T im e  a f t e r  
v in c r i s t i n e  
t r e a t m e n t
(h o u rs ) c o r t e x m e d u l la
0 .5 3 . 5  + 1 . 9  
( 0 . 6)
2 . 3  j; 1 .7  
(0 .5 )
1 .4  + 1 .2  
(0 .4 )
1 . 1  + 1 . 2
(0 .4 )
1 .0 5 . 2 1 2 . 3  
(0 . 7 )
2 . 5  ± 1 .7  
(0 .5 )
1 .5  + 2 .0  
(0 .6 )
1 .1  t  1 .2
( 0 .4 )
1 .5 5 . 4  t  2 .0  
(0 .6 )
2 .5  t  1 .6
(0 .5 )
1 .4  + 1 .2  
(0 .4 )
1 .0  f  1 .2
(0 .4 )
2 .0 5 .5  t  2 .6  
(0.8)
3 .2  + 2 .1  
(0 .7 )
1 .3  + 1 .5  
(0 .5 )
1 .2  ± 1 .4  
(0 .4 )
2 .5 6 .8  t  3 .1  
(1 .0 )
3 .4  + 2 . 5  
(0 .8 )
2 . 0  + 1 .7  
(0 .2 )
2 .0  + 1 .7  
(0 .5 )
3 .0 7 . 9  f  3 .6  
(1 .1 )
3 .9  + 1 .1  
(0 .3 )
2 .4  + 2 . 4  
(0 .8 )
1 .8  + 1 . 9  
(0 .6 )
S a m p le  (N) = 10
T a b le  (26). C e l lu l a r i t y  of th y m u s  in  h i s to lo g ic a l  s e c t io n s
M e a n  no .  of c e l l s  t  SD 
Sub s c a p u la r  O u te r  c o r t e x  I n n e r  c o r t e x  
c o r t e x
C o r t e x /
m e d u l la
N o r m a l
n o n -p re g n a n t 1 3 1 .9  i  2 0 . 1 152 .1  t  3 1 .2 1 4 9 .5  + 1 2 .9 1 1 9 . 5  + 2 1 . 0
P r e g n a n t 1 1 7 .3  ± 1 7 .4 1 1 5 .9  i  1 4 .8 102 .4  + 1 8 .2 9 1 . 3 + 1 9 . 0
S a m p le  (N) = 10
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C e l l  p r o l i f e r a t i o n  in  th y m ic  c o r te x :
T i m e  s tudy  in p r e g n a n t  m ic e
F ig . (27.)
•  S u b cap  s u l a r  c o r t e x
■ O u te r  c o r t e x
O I n n e r  c o r t e x
A G o r t e x / m e d u l l a
-C)
0.5 1.0 1.5 2.52.0 3.0
D u r a t io n  of v in c r i s t i n e  (h o u rs )
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s c a le s  on the  y - a x i s  a r e  d i f f e r e n t  in  th i s  f ig u r e .  T he  a c c u m u la t io n  
of a r r e s t e d ,  d iv id in g  c e l l s  show s a s i m i l a r  p r o f i l e  w ith  i n c r e a s i n g  
t im e  to  th a t  in  n o r m a l  a n i m a l s ,  a l th o u g h  the  no . of d iv id in g  c e i l s  
a r e  v e r y  m u c h  l e s s  in  th e  p r e g n a n t  a n i m a l s .
T h e  to ta l  n o .  of c e l l s  in  the  v a r io u s  th y m ic  r e g io n s  in  n o r m a l  
and  p r e g n a n t  a n i m a l s  w a s  d e t e r m in e d  (T a b le  26). T h e  a v e r a g e  
d i a m e t e r s  of m e ta p h a s e  and in t e r p h a s e  n u c le i  in  n o r m a l  and p r e g n a n t  
a n im a l s  w a s  a l s o  m e a s u r e d ,  th e  d a ta  i s  show n in  T a b le  (27). A n 
a v e r a g e  of 5 .2 5  m i c r o n s  w a s  ta k e n  to r e p r e s e n t  th e  d i a m e t e r  of 
i n t e r p h a s e  n u c le i  in  b o th  n o r m a l  and p r e g n a n t  a n i m a l s  and  the  
d i a m e t e r  of m e ta p h a s e  n u c le i  w a s  found to  be  4 . 0 m i c r o n s  in  bo th  
g ro u p s  of a n i m a l s .
T h e  d a ta  f r o m  th e  p r e v io u s  two k in e t ic  s tu d ie s  (T a b le s  24 and  25) 
w e r e  u s e d  to  c a l c u la te  th e  c e l l  p ro d u c t io n  r a t e s  in  d i f f e r e n t  r e g io n s  
of the  th y m ic  c o r t e x  in  n o r m a l  and  p r e g n a n t  a n i m a l s ,  a a  d e s c r ib e d  
p r e v io u s ly .  In  n o r m a l  a n i m a l s ,  the  r a t e  of c e l l  p ro d u c t io n  is  
m a x im a l  a t  4 0 /1 0 0 0  c e l l s  e n t e r in g  m i t o s i s / h  in  the  su b cap  s u l a r  
c o r t e x ,  the  r a t e  d im in i s h e s  to  2 1 /1 0 0 0 /h  in  th e  i n n e r  c o r t e x  ( F ig s .  
2 8 -3 1 ) .  D u r in g  p r e g n a n c y ,  the  su b cap  s u la r  c o r t e x  i s  a l s o  th e  s i te  
of g r e a t e s t  c e l l  p r o l i f e r a t i o n ,  bu t a t  a m u c h  d im in is h e d  r a t e  of 
13, 5 /1 0 0 0 /h  ( F ig s ,  3 2 -3 5 ) .  T h e  d i f f e r e n c e s  a r e  m o s t  p ro n o u n c e d  
in  th e  in n e r  and m i d - c o r t e x  w h e r e  th e  c e l l  p ro d u c t io n  r a t e s  a r e  
5 .5  and 3 ,7  r e s p e c t i v e l y .  T h e  d i f f e r e n c e s  a r e  n e g l ig ib le  in 
the  C O  r t e x / m e d u l l a ,  th e  c e l l  p ro d u c t io n  r a t e s  b e in g  u n i fo rm ly  low 
a t  3 .3  and  3 . 0 /  1 0 0 0 /h  in  n o r m a l  and p r e g n a n t  a n i m a l s  r e s p e c t iv e l y .
If i t  is  a s s u m e d  th a t  c e l l  p r o l i f e r a t i o n  is  co n f in ed  to th e  c o r t e x  
p r o p e r  and  n e g l ig ib le  in  the  c o r t e x / m e d u l l a  u n d e r  n o r m a l  c o n d i t io n s ,  
th e n  the  r a t e  of c e l l  p ro d u c t io n  i s  found to  be r e d u c e d  d u r in g
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T a b le  (2 7). D i a m e t e r s  of m e ta p h a s e  and  in t e r p h a s e  n u c le i
D i a m e t e r  t  SD ( m ic r o n s )
I n t e r p h a s e  n u c le i  
( n o r m a l  a n im a ls )
I n t e r p h a s e  n u c l e i  
(p re g n a n t  a n im a ls )
5 .3  t  0 .8
5 .2  t  0 .7
M e ta p h a s e  n u c le i  4 . 0  t  0 .3
S a m p le  (N) = 200
T a b le  (28). C h an g e  in  w e ig h t  of th y m u s  and  g ro w th  of a n i m a l s  
d u r in g  e x p e r i m e n t a l  p e r io d
T im e
(w eeks)
W t.  of th y m u s  t  SD 
(î^g) SE
W t. of a n i m a l s  t  SD 
(g) SE
0 81. 8 t 1 9 .8 6 .2 2 2 . 5 + 1 . 0 0 .3
1 7 4 .2  + 2 0 .3 6 .4 2 4 .3  + 2 .2 0 .7
2 5 8 .7  t 13 .5 4 . 3 2 6 .3  + 2 . 2 0 .7
3 5 8 .5  + 1 2 .6 4 .0 2 8 .3  + 1 .4 0 .4
4 5 5 .2  + 6 .0 1 .9 2 9 .9  t  3 .5 1 .3
5 5 3 .2  t 1 1 .9 3 .8 3 0 .6  + 2 . 3 0 .7
6 4 5 .9  t 1 4 .6 5 .5 3 1 .6  + 2 .0 0. 6
S a m p le  (N) = 10
No s ig n i f ic a n t  in v o lu t io n  in  th y m u s  b e tw e e n  2 -6  w e e k s  (p > 0 ,0 5 )  
D i f f e r e n c e  in  w e ig h t  of a n i m a l s  b e tw e e n  0 -6  w e e k s  (p 4 .0 ,001)
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C e l l  p ro d u c t io n  r a t e  in  th y m ic  c o r te x :  N o r m a l  m i c e
140










C o r r ,  c o e f f .  (R) = 0 ,9 2
20
T i m e  (h o u r s )^ 30 1
9 0 r




F i g .  (2 9 )
O u te r  c o r t e x
C o r r .  c o e f f ,  (R) = 0 ,9 2
J .
0 1 2T im e  (h o u rs )
154
C e l l  p r o d u c t io n  r a t e  In th y m ic  c o r te x :  N o r m a l  m i c e
6 0







C o r r ,  c o e f f .  (R) = 0 ,9 3
T im e  (h o u rs )
20r







C o r r ,  c o e f f ,  (R) = 0 ,4 1
320 1
T im e  (h o u rs )
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C e l l  p ro d u c t io n  r a t e  in  th y m ic  c o r te x :  P r e g n a n t  m ic e
7 0




C o r r .  c o e f f .  (R) = 0 .5 920
T i m e  (h o u rs )
4 0





C o r r ,  c o e f f .  (R) = 0 ,3 4
T im e  (h o u rs )
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C e l l  p ro d u c t io n  r a t e  in  th y m ic  c o r te x :  P r e g n a n t  m ic e
2 5 F i g .  (34)





C o r r .  c o e f f ,  (R) = 0 .3 4
T im e  (h o u rs )
3 0 F i g .  (35)







C o r r ,  co e f f .  (R) = 0 .2 0
20 31
T im e  (h o u rs )
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p r e g n a n c y  to  a p p ro x .  25% of th e  n o r m a l  r a t e .  T h e  d a ta  f r o m  th i s  
s tudy  is  s u m m a r i s e d  in  T a b le  (29) and  in c lu d e s  the  t u r n o v e r  t im e  
and g ro w th  f r a c t i o n  o b ta in e d  f r o m  th e s e  f in d in g s .  T h e s e  v a lu e s  
w e r e  d e r iv e d  by  a s s u m in g  a n  a v e r a g e  c e l l  c y c le  t im e  of 9 .0  h f o r  
th y m u s  ly m p h o c y te s ,  a v a lu e  o b ta in ed  by m o s t  o th e r  in v e s t ig a t o r s  
(M e tc a lf ,  1964; F a b r l k a n t  and F o s t e r ,  1971; B r y a n t ,  1972; and 
Z a i to u n  e t  a l ,  1979). T h e  tu r n o v e r  t im e  w a s  c a l c u la te d  f o r  1000 
c e l l s ,  f r o m  the  c e l l  p ro d u c t io n  r a t e  (no . of d iv id in g  c e l l s / 1000 
c e l l s / h ) ;  th e  g ro w th  f r a c t i o n  b e in g  d e r iv e d  f r o m  th e  r a t i o  of th e  
c e l l  c y c le  t i m e / t u r n o v e r  t i m e .
A n in t e r v a l  of up to 4 w e e k s  g e n e r a l ly  e l a p s e d  f r o m  the  t im e  
of a r r i v a l  of the  m ic e  f r o m  th e  s u p p l i e r s  t i l l  l a te  g e s ta t io n  w hen  
th e y  w e r e  s a c r i f i c e d .  T h e  n a t u r a l  d e c r e a s e  in  th e  th y m u s  w e ig h t 
a t  w e e k ly  i n t e r v a l s  f o r  a p e r io d  of up  to  6 w e e k s  a f t e r  a r r i v a l  w as  
i n v e s t ig a t e d .  In  ad d i t io n ,  the  a n i m a l s  w e r e  w e ig h ed  a t  th e s e  
t i m e s  to  e n s u r e  th a t  g ro w th  p r o c e e d e d  n o r m a l ly .  T h e  th y m ic  
w eigh t d e c r e a s e d  f a i r l y  r a p id ly  w ith in  th e  f i r s t  2 w e e k s ,  a f t e r  
w h ich  the  d e c r e a s e  w a s  m o r e  g r a d u a l .  T h e  h e a l th  of the  a n im a l s  
Was e v id e n t ly  no t i m p a i r e d  a s  ju d g e d  by t h e i r  i n c r e a s i n g  body 
w e ig h t o v e r  the  e x p e r i m e n t a l  p e r io d  (T a b le  28 and  F ig .  36).
C . PHA r e s p o n s i v e n e s s  d u r in g  p r e g n a n c y
In  a p r e l i m i n a r y  s tu d y ,  th e  PHA r e s p o n s i v e n e s s  of ly m p h  node 
and sp le e n  c e l l s  w e r e  c o m p a r e d  f r o m  a p r e g n a n t  a n im a l  a t  d i f f e r e n t  
c e l l  c o n c e n t r a t i o n s .  A t the  lo w e r  c e l l  c o n c e n t r a t i o n s ,  ly m p h  node  
c e l l s  w e r e  m o r e  r e s p o n s iv e  th a n  the  s p le e n  c e l l s  (T a b le  30 and 


























































I  s ig ^  U
r-4 13  (ü OO z  aU ei O 
U  d 4  ^  - 4
Z  d
l u^  4)
H  ^
158
0 0 ■ n o o
c n o r - oo 1—4
rH o o o
Tf4 (M o CO
r - CO r - o
N o
I doZ C3N CO r -








































O o O o
in o cO
N T!ft V o
CO
o LO CT'




















































C h a n g e  in  s iz e  of th y m u s  and  g ro w th  of m i c e  
d u r in g  e x p e r i m e n t a l  p e r i o d .
F i g .  (3 6 )
Wt* of th y m u s




3 0 3 0
- 2 0  a
10 ^
0 2 5 643
T im e  (w eeks)
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T a b le  (3 0 ) . PHA  r e s p o n s e  of s p le e n  and ly m p h  node  c e l l s
d u r in g  p r e g n a n c y  : E x p t .  (1)
C e l l s N o. c e l l s / w e l l PHA M ean c p m  t  SD SI t  SE N
S p leen 10 .' ■ + 1279 Î  392 2 0 .0  + 3 .1 6
I I - 64 + 25 II
11 5 X 10^ + 661 Ï  221 1 2 . 2  + 2 . 6 II
II II — •54 t  22 II
II 2 X 10^ + 544 t  172 9. 5 +  1 .9 I t
II 11 - 57 t  20 11
L y m p h
node l o ' + 1500 Î  464 2 5 . 4 t 7 .5 4
II 11 - 59 t  28 11
11 5 X 10^ + 1208 + 223 1 6 .5  + 2 .5 11
II I t - 73 Î  16 II
I t  ■ 2 X 10^ + 895 + 123 1 4 . 7 + 2 . 6 11
11 II 61 i  20 I t
D if f e r e n c e  b e tw e e n  ly m p h  n ode  and  s p le e n  c e l l s  a t  h ig h e r  c e l l  







e  PHA r e s p o n s iv e n e a s  of s p le e n  and  ly m p h  node  c e l l s
d u r in g  p r e g n a n c y
F i g ,  (37).
S p le e n
2X10
(N o , of c e l l s /w e l l )
3 0








L y m p h  node
2X 10
(No, of c e l l s /w e l l )
In  a  m o r e  e x te n s iv e  s tu d y ,  th e  PH A  r e s p o n s e  of s p le e n  and 
ly m p h  node c e l l s  a t  d i f f e r e n t  c e l l  c o n c e n t r a t i o n s  f r o m  p r e g n a n t ,  
n o r m a l  and  young v i r g in  f e m a le  m i c e  w a s  in v e s t ig a t e d .  H ig h e r  
c e l l  c o n c e n t r a t i o n s  did  n o t  e l i c i t  g r e a t e r  p r o l i f e r a t i v e  r e s p o n s e s  
and in  m o s t  c a s e s  w e r e  l e s s  th a n  th e  c e l l s  a t  m o r e  lo w e r  
c o n c e n t r a t i o n s .  B o th  ly m p h  node  and  s p le e n  c e l l s  f r o m  the  a d u l t  
a n im a l  show ed g r e a t e r  s t im u la t io n  th a n  in  th e  p r e g n a n t  a n i m a l ,  th e  
ly m p h  node  c e l l s  b e in g  m o r e  r e s p o n s iv e  in  th e  n o r m a l  a n im a l .
L y m p h  node  and  s p le e n  c e l l s  w e r e  s t im u la te d  to  a s i m i l a r  e x te n t  
in  th e  p r e g n a n t  a n i m a l .  B o th  g ro u p s  of c e l l s  f r o m  th e  young 
a n im a l  d id  no t d i f f e r  m u c h  in  t h e i r  PHA r e s p o n s i v e n e s s  and g e n e r a l l y  
r e s p o n d e d  s l ig h t ly  l e s s  th a n  the  a d u l t  a n i m a l .  I t s  ly m p h  node  c e l l s  
w e r e  s t im u la t e d  to a p p ro x ,  th e  s a m e  e x te n t  a s  ly m p h  node  c e l l s  f r o m  
the  p r e g n a n t  a n im a l ,  w h e r e a s  the  s p le e n  c e l l s  w e r e  m o r e  r e s p o n s iv e  
a t  the  h ig h e r  c e l l  c o n c e n t r a t i o n  (T a b le  31 and F i g s .  3 9 -4 1 ) .  A 
s u m m a r y  of the  d i f f e r e n t i a l  c e l l  c o u n ts  p e r f o r m e d  on the  s p le e n s  
f r o m  the  a n i m a l s  u s e d  in  th i s  e x p e r im e n t  i s  shown in  T a b le  (33).  :•
I t  c a n  be s e e n  th a t  d u r in g  p r e g n a n c y ,  the  ly m p h o c y te  coun t is  
d im in is h e d  c o m p a r e d  to the  n o r m a l  ad u lt  and young a n i m a l s .  In  
c o n t r a s t ,  e r y th r o i d  c e l l s  a r e  m o r e  ab u n d an t in  th e  p r e g n a n t  s p le e n .
A s i m i l a r  e x p e r i m e n t  w as  c a r r i e d  out w ith  p r e g n a n t  and n o r m a l  
a d u l t  a n i m a l s  w ith  lo w e r  c e l l  c o n e s . , a t  1 0 ^ /w e l l  th e y  w e re  n o t  found 
to  be  m a x im a l ly  s t im u la te d  in  the  p r e v io u s  e x p e r i m e n t s .  In  th e  
p r e g n a n t  a n im a l ,  a t  bo th  c e l l  c o n c e n t r a t i o n s ,  ly m p h  node c e l l s  w e r e  
s t im u la te d  to  a g r e a t e r  e x te n t  th a n  s p le e n  c e l l s ;  l e s s  p ro n o u n c e d  
d i f f e r e n c e s  e x i s t  in  th e  n o r m a l  a n im a l  (T ab le  32 and F i g s ,  42 and 4 3).
In  the  s u m m a r i s e d  d i f f e r e n t i a l  c e l l  coun t d a ta  in T a b le  (33), i t  c a n
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T a b le  ( 3 l ) . PH A  r e s p o n s e s  of n o r m a l  and p r e g n a n t  m ic e :  E x p t .  (2)
C e l l s
P r e g n a n t  s p le e n
P r e g n a n t  ly m p h  
node
A d u lt  s p le e n  
11
w e l l
l o '
II


















Y oung ly m p h  node  10
II II
" 5 X lo '
II II
N o . c e l l s /  Iv^ean^cpm + g g
A du lt  ly m p h  node
Y oung s p le e n
II
+ 825 t  197 1 2 .7  ± 2 . 2
65 t  23 
f  680 ± 204 14 .4  ± 3 . 5
47 ± 25
+ 1500 ± 343 2 0 .0  ± 2 . 6
75 ± 18
+ 1796 ± 404 20 .2  ± 3 . 5
89 ± 34
■f 842 + 137 1 8 .3  ± 2 . 6  4  0 .0 0 1
46 ± 16
+ 1453 ± 185 18 .4  ± 1 . 9 4  0 .0 1
79.6 ± 16
f  1266 ± 152 24. 8 ± 3 . 6  ^ 0 . 0 1
51 ± 18
+ 2091 ± 453 3 3 .1  ± 6 . 0  < 0 . 0 0 1
63 ± 25
+ 1662 ± 815 2 1 .9  ± 5 . 1  < 0 . 0 0 1
+
76 ± 21 
659 ± 218 1 4 .0  ± 3 .2  > 0.1
47 ± 23 
++ 1931 ± 322 2 4 ,4  + 5 ,5  < 0 . 0 5
79 ± 41
+ 1783 ± 4 1 1  2 1 .0  ± 3 .4  > 0 . 1
85 27
S a m p le  (N) = 6
T a b u la te d  p v a lu e s  c o m p a r e  p r e g n a n t  and n o r m a l  a n im a l s
S ig n if ic a n t  d i f f e r e n c e s  b e tw e e n  p r e g n a n t  s p le e n  and ly m p h  node  
c e l l s  a t  a l l  c e l l  c o n e s ,  (p < 0 .0 0 1 ) ;  d i f f e r e n c e s  in  n o r m a l  
a n im a ls  only  a t  lo w e r  c e l l  c o n e s .
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PHA r e s p o n s i v e n e s s  In n o r m a l  and  p r e g n a n t  m ic e
30
P r e g n a n t
a
5 XIO









A d u lt  n o n - p r e g n a n t
©©
lo'^ 5X10^
F i g .  (40)
e




S p le e n
Y oung n o n - p r e g n a n t  
©
5 X 1 0
L y m p h  node 
F i g .  (41)
5  X I O
S p lee n L y m p h  node
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T a b le  (3 2 ) . PHA  r e s p o n s e s  of n o r m a l  and p r e g n a n t  m ic e :  E x p t .  (3)
C e l l s N o. c e l l s /  w e l l PHA
M e a n  c p m  
t  SD S I  t ■ SD P
P r e g n a n t  s p le e n 5  X  1 0 ^ + 2 2 1 7  t 5 3 1 1 5 . 7 t  1 . 9 >  0 . 0 5
II II - 1 4 1  t 2 5
II 2  X  1 0 ^ + . 2 1 8 2  t 9 8 2 1 6 . 8 t  3 . 3 > 0 . 1
II II - 1 3 0  t 2 2
P r e g n a n t  ly m p h  
node 5  X  1 0 ^ + 2 4 0 0  t 6 3 4 2 5 . 8 t  3 . 6 <  0 . 0 0 1
II 11 - 9 3  t 2 0
It 2  X  1 0 ^ + 2 5 6 5  t 6 8 4 2 7 . 3 +  3 . 8 <  0 . 0 0 1
IT II - 9 4  ± 1 9
N o r m a l  s p le e n 5  X  1 0 ® 1 7 2 1  + 4 5 2 1 4 . 2 Î  2 . 0
It It - 1 2 1  + 2 7
II 2  X  1 0 ® + 1 6 8 4  t 2 1 4 1 5 , 3 + 1 . 8
11 ! 1 - 1 1 0  t 2 8
N o r m a l  ly m p h  
node 5  X  1 0 ® 1 9 2 7  t 5 2 3 1 7 .  1 +  2 . 5
11 II - 1 1 3  t 28
11 2 x 1 0 ® + 1 4 0 5  t 1 5 4 1 8 . 2 + 3 . 2
11 II 7 7  t 3 1
S a m p le  (N) = 6
T a b u la te d  p v a lu e s  r e f e r  to  c o m p a r i s o n s  b e tw e e n  p re  gant, and 
n o r m a l  a n i m a l s
D i f f e r e n c e  b e tw e e n  p r e g n a n t  s p le e n  and ly m p h  n ode  c e l l s  (p <  0. 001); 
d i f f e r e n c e  in  n o r m a l  a n im a l  is  l e s s  (p ^  0 .0 1  and  0 .0 2 ) .
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PH A  r e s p o n s i v e n e s s  in  n o r m a l  and  p r e g n a n t  m ic e
30  -




(5X10^; (2X10®)( 2 X 1 0  )
L y m p h  nodeS p le e n
20
N o n -p re g n a n t
do
cn
( 5 X 1 0 ® ) (2X10®) ( 5 X 1 0 )
S p lee n
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T a b le  (33) . S u m m a r y  of d i f f e r e n t i a l  c e l l  c o u n ts  on  s p le e n  
E x p t .  (2)
P r o p o r t i o n  of c e l l s  (%) in  s p le e n
P r e g n a n t
A d u lt ,
n o n - p r e g n a n t
Y oung,
n o n -p re ;
L y m p h o c y te s 2 0 .9 60 .4 4 0 .  8
E r y t h r o i d 2 9 .1 5 .2 8 .4
M yelo id 3 .7 4 . 8 7 . 6
M onocy te  s - 2 .4 5 .2
D a m a g e d  / u n d la  s s i f ie d 8 .2 7 . 6 12 .4
T i s s u e  c e l l s , 3 5 .2 1 4 .4 1 9 .2
B l a s t  c e l l s ,  p l a s m a  
c e l l s  and m a c r o p h a g e s 2 .8 5 .6 6 .4
E x p t .  (3)
L y m p h o c y te s 14. 6 6 7 .2
E r y t h r o i d 4 1 .3 0. 8
M ye lo id 6 .7 2 . 8
M o n o c y te s 4 . 6 2 .0
D a m a g e d  / une l a s  s i f ie d 2 .2 7 . 6
T i s s u e  c e l l s 2 7 .0 14 .0
B la s t  c e l l s ,  p l a s m a  
c e l l s  and  m a c r o p h a g e s 3 .8 5. 6
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be s e e n  th a t  the s p le e n  of th e  p r e g n a n t  a n im a l  h a s  a  m u c h  r e d u c e d  
p r o p o r t i o n  of ly m p h o c y te s  th a n  th e  n o n - p r e g n a n t  c o n t r o l .  
F u r t h e r m o r e ,  th e  p r o p o r t i o n  of e r y th r o i d  c e l l s  in  the  s p leen  i s  
v e r y  m u c h  g r e a t e r  in  th e  p r e g n a n t  a n i m a l .
D . E x t r a - m e d u l l a r y  h a e m o p o ie s i s  d u r in g  p r e g n a n c y
T h e  a m o u n t  of ^ ^ F e  a c t iv i t y  r e c o v e r e d  in  th e  s p le e n s  and 
f e m u r s  of p r e g n a n t  and n o r m a l  a n im a ls  p r e v io u s l y  t r e a t e d  w ith  
the i so to p e  w a s  a s s a y e d .  T a b le  (34) show s  th e  d a ta  f r o m  th i s  
e x p e r im e n t .  T h e r e  a r e  no s ig n i f ic a n t  d i f f e r e n c e s  in  the  a m o u n t  
of i s o to p e  i n c o r p o r a t e d / m g  of s p le e n  t i s s u e ;  h o w e v e r  th e  s p le e n s  
in  p r e g n a n t  m ic e  i n c o r p o r a t e d  m o r e  ^ ^ F e  p e r  s e . T h e r e  w a s  no 
s ig n if ic a n t  d i f f e r e n c e  in  the  a c t iv i t y  in  f e m u r s  b e tw e e n  th e  g r o u p s .
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A ny s tu d y  of the  c e l l u l a r  k in e t i c s  of th e  th y m u s  is  c o m p l ic a te d  
by the  f a c t  th a t  th e  o r g a n  i s  e s s e n t i a l l y  an  open  s y s t e m .  In  the  
s te a d y  s t a t e ,  th e  r a t e  of e n t ry  of s te m  c e l l s  f r o m  o th e r  ly m p h o -  
m y e lo id  t i s s u e  and th e  ou tpu t  of d i f f e r e n t ia t e d  c e l l s  to p e r i p h e r a l  
o rg a n s  a l s o  d e t e r m i n e  th e  c e l l u l a r i t y  of th e  th y m u s .  T h e s e  
p a r a m e t e r s  h a v e  no t b e e n  in v e s t ig a te d  in  th i s  s tu d y ,  w h ich  w as  
c o n c e r n e d  w ith  th a t  p o p u la t io n  of c e l l s  in  the  p r o l i f e r a t i v e  
c o m p a r tm e n t .
T h e  s tudy  of th e  c e l l u l a r i t y  of th e  th y m u s  d u r in g  p r e g n a n c y  
c o n f i rm e d  the  e a r l i e r  f in d in g s  of o th e r  i n v e s t i g a t o r s ,th a t  a 
p ro n o u n c e d  w a s t in g  of the  o r g a n  d u r in g  p r e g n a n c y  r e d u c e s  i t  to 
b e tw ee n  ^  of i t s  n o r m a l  s iz e  a t  p a r t u r i t i o n  ( Jo l ly  and L i e u r e ,
1930 and M a ro n i  and  De S o u s a ,  1973). T h e  l a t t e r  i n v e s t i g a t o r s  
c l a im  th a t  a f t e r  s y n g e n e ic  m a t in g s ,  the  th y m u s  w a s  found to h av e  
in c r e a s e d  in  w e ig h t a t  a l l  s t a g e s  of g e s ta t io n  e x c e p t  a t  p a r t u r i t i o n .
In  c o n t r a s t ,  i t  w as  found to r e g r e s s  p r o g r e s s i v e l y  w ith  i n c r e a s in g  
g e s ta t io n a l  a g e .
S p len ic  e n l a r g e m e n t  w a s  o b s e r v e d  a f t e r  e a r l y  g e s ta t io n  and
w as  m o s t  p ro n o u n c e d  a t  m i d - g e s t a t i o n  w h e re  i t  w a s  i n c r e a s e d  
3by a p p ro x .  — of i t s  n o r m a l  s iz e ;  t h e r e a f t e r  i t  d e c r e a s e d  in  s iz e  
but r e m a in e d  l a r g e r  th a n  n o r m a l  a t  p a r t u r i t i o n .  T h e s e  o b s e r v a t i o n s  
a r e  s i m i l a r  to th o s e  of F o w l e r  and  N a sh  (1968) who c a r r i e d  out a 
s tudy  of e r y t h r o p o i e s i s  in  th e  s p le e n s  of p r e g n a n t  m i c e .  T h e y  
show ed th a t  in  the  m o u s e ,  p r e g n a n c y  c o n s t i tu te d  a h a e m o p o ie t ic  
s t r e s s .  T h e y  o b s e r v e d  th a t  b lood  v o lu m e  i n c r e a s e d  p r o g r e s s i v e l y
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d u r in g  p re g n a n c y ,  r e s u l t i n g  in  a  d i lu t io n  a n a e m ia .  T h e y  found
th a t  the  s p le e n  d o u b led  in  w e ig h t by 12 d ay s  of g e s ta t io n ,  w ith  an
i n c r e a s e  of n u c le a te d  c e l l s  by x 3 -4 ,  t h e r e a f t e r  i t  d e c r e a s e d  in
s iz e  and c e l l u l a r i t y  to w a r d s  t e r m .  T h e y  r e p o r t  th a t  sp len ic
e r y t h r o p o i e s i s  i n c r e a s e d  r a p id ly  to a p e a k  a t  d ay  12 of g e s ta t io n
and d e c l in e d  t h e r e a f t e r ,  c o in c id e n t  w ith  th e  d e c r e a s e  in  sp le e n
w e ig h t .  T h e y  s u g g e s t  th a t  th e  a l t e r a t i o n s  in  th e  c e l l u l a r  p r o f i l e
of th e  sp le e n  a r e  a c o m p e n s a to r y  r e s p o n s e  to  th e  p ro n o u n c e d
a n a e m ia  d u r in g  e a r l y  p r e g n a n c y .  T he  c h a n g e s  in  s p le e n  s iz e
o b s e r v e d  in  th i s  s tu d y  a r e  not i n c o n s i s t e n t  w ith  s u c h  a n o t io n .
F u r t h e r m o r e ,  the d i f f e r e n t i a l  c o u n ts  on  n u c le a te d  s p le e n  c e l l s
in d ic a te  a  h ig h e r  p r o p o r t i o n  of e r y th r o i d  c e l l s  d u r in g  p r e g n a n c y .
E r y t h r o p o i e s i s  in  th e  s p le e n s  of p r e g n a n t  m ic e  w a s  found to be
59g r e a t e r  to  th a t  in  n o r m a l  a n i m a l s  a s  d e t e r m in e d  by F e  u p ta k e .
H o w e v e r ,  e r y t h r o p o i e s i s  in  th e  bone  m a r r o w  w as  found to be  s i m i l a r
in  bo th  g ro u p s .  T h i s  f ind ing  co u ld  b e  a c c o u n te d  f o r  if  e r y t h r o p o i e s i s
o c c u r s  p r e f e r e n t i a l l y  in  th e  s p le e n  in  r e s p o n s e  to h a e m o p o ie t ic
59s t r e s s .  H o w e v e r ,  i t  is  m o r e  l ik e ly  th a t  F e  u p tak e  in  the  m a r r o w
is  l e s s  th a n  w ha t i t  shou ld  be b e c a u s e  i t  i s  c o m p e t i t iv e ly  ta k e n  up
by the fo e ta l  l i v e r .  T h u s  th e  t r u e  m a g n i tu d e  of e r y th r o p o i e s i s  in
the  bone  m a r r o w  d u r in g  p r e g n a n c y  w as  p ro b a b ly  no t e lu c id a te d  in
th i s  s tudy .  H o w e v e r ,  th i s  c o n te n t io n  ca n n o t  be s u b s ta n t i a te d  a s  the
59f o e ta l  l i v e r  w as  n o t  a s s a y e d  f o r  F e  i n c o r p o r a t io n .
W hen  the  im m u n e  r e a c t i v i t y  d u r in g  p r e g n a n c y  w as  a s s e s s e d ,  
by  PHA r e s p o n s i v e n e s s ,  m o d e s t  d i f f e r e n c e s  in  the  r e a c t iv i t y  
b e tw e e n  sp le e n  and ly m p h  n ode  cells ,  f r o m  p r e g n a n t  a n im a l s  w e r e  
o b s e r v e d ,  ly m p h  node  c e l l s  r e s p o n d e d  to a s l ig h t ly  g r e a t e r  e x te n t .
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W hen the  s t im u la t io n  in d ic e s  w e r e  c o m p a r e d  b e tw e e n  p r e g n a n t
and n o r m a l  a n i m a l s ,  no c l e a r  d i f f e r e n c e s  w e r e  s e e n  a s  th e
v a r i a b i l i t y  of th e  r e s p o n s e  b e tw e e n  a n im a l s  and e x p e r i m e n t s  w as
l a r g e .  H o w e v e r ,  the  d a ta  f r o m  the  d i f f e r e n t i a l  c o u n ts  do in d ic a te
th a t  e r y th r o i d  d i f f e r e n t i a t io n  i s  m o r e  p r e v a l e n t  in  the s p le e n s  of
p r e g n a n t  m ic e ,  th e  r e d u c e d  ly m p h o c y t ic  c o u n t co u ld  a c c o u n t  f o r
any  d e c r e a s e s  in  th e  PHA r e s p o n s i v e n e s s  d u r in g  p r e g n a n c y .
R u p p e r t  and  R ic h ie  (1977) c u l tu r e d  th e  n u c le a te d  c e l l s  f r o m  the
s p le e n s  of p r e g n a n t  m i c e  a t  m i d - g e s t a t i o n  w ith  PH A ; th ey  r e p o r t e d
a r e d u c e d  PHA r e s p o n s i v e n e s s  c o m p a r e d  to n o r m a l  a n i m a l s ,  th e
s t im u la t io n  in d e x  b e ing  a s  l i t t l e  a s  a of c o n t ro l  a n i m a l s .
F o llo w in g  day  15, the  r e s p o n s e  i n c r e a s e d  to w a r d s  c o n t ro l  l e v e l s ,
even  e x c e e d in g  th e  r e s p o n s e  of n o r m a l  m i c e ,  a t  t e r m .  T h e y  a l s o
found th a t  s e r u m  f r o m  p o s t  p a r t u m  m ic e  in h ib i te d  the b la s to g é n ie
r e s p o n s e  to P H A . H o w e v e r ,  th e y  fa i led  to ta k e  in to  a c c o u n t  the
a l t e r e d  c e l l u l a r  c o m p o s i t io n  of th e  s p le e n  d u r in g  p r e g n a n c y ,  w h ich
m ig h t  h a v e  c o n t r ib u te d  s ig n i f ic a n t ly  to an y  d i f f e r e n c e s  th a t  th e y
o b s e r v e d .  T h e  d im in is h e d  r e s p o n s e s  th e y  o b s e r v e d  w e r e  m o s t
a p p a r e n t  a t  m i d - g e s t a t i o n ,  w hen  the  s p le e n  i s  a t  i t s  l a r g e s t  and
c o n s id e r e d  to be m o s t  a c t iv e  e r y th r o p o i e t i c a l l y  a s  s u g g e s te d  by
F o w l e r  and  N a sh  (1968). T h e  d i f f e r e n t i a l  c o u n ts  f r o m  the  s p le e n s
of p r e g n a n t  m ic e  d e m o n s t r a t e  th a t  th e  n u m b e r s  of ly m p h o c y te s  m a y
be r e d u c e d  by T -T  of n o r m a l  l e v e l s .  H o w e v e r ,  th i s  sp len ic
ly m p h o p e n ia  d o e s  no t r e d u c e  th e  PHA r e s p o n s i v e n e s s  by a
c o r r e s p o n d in g  a m o u n t .  T h i s  e f fec t  w as  a l so  s e e n  in  c e l l  d o se
5s tu d ie s ,  c e l l s  c u l tu r e d  a t  2 x  10 / w e ll  o f ten  r e s p o n d e d  to a g r e a t e r  
ex ten t  th a n  c e l l s  a t  a h ig h e r  c o n c e n t r a t i o n .  T h e r e f o r e ,  the PHA 
r e s p o n s iv e n e s s  is  p e r h a p s  no t th e  id e a l  p a r a m e t e r  to e x p e r im e n ta l ly
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a s s e s s  th e  im m u n e  s t a tu s  of a n i m a l s  in  su ch  c o n d i t io n s .  T h e  
g ra f t  v e r s u s  h o s t  c a p a c i ty  of sp len ic  c e l l s  in  i r r a d i a t e d  r e c i p i e n t s  
would  p ro b a b ly  g ive  a m o r e  a c c u r a t e  and  q u a n t i f ia b le  in d ic a t io n  of 
the  d e g r e e  of im m u n o c o m p e te n c e  of the a n i m a l s .  In  th i s  
in v e s t ig a t io n ,  ly m p h  node c e l l s  g e n e r a l ly  r e s p o n d e d  to  PHA m o r e  
th a n  s p le e n  c e l l s .  T h i s  cou ld  be due to  a m o r e  c o n s i s t e n t  and 
h o m o g e n o u s  p o p u la t io n  of PHA r e s p o n s iv e  c e l l s  in  th e  ly m p h  n o d e s ;  
w h e r e a s  the  s p le n ic  n u c le a te d  c e l l s  w e re  a  m o r e  h e te r o g e n o u s  
p o p u la t io n ,  r e f le c t in g  c h a n g e s  in  th e  b a la n c e  of h a e m o p o ie t ic  
fu n c t io n  b e tw e e n  a n i m a l s ,  th u s  a c c o u n t in g  f o r  th e  v a r i a b i l i t y  of 
t h e i r  PHA  r e s p o n s i v e n e s s .  S in ce  th i s  s tudy  w a s  c a r r i e d  out, 
M a t t s o n  e t  a l  (1979) h a v e  r e p o r t e d  t h e i r  o b s e r v a t i o n s  a f t e r  
u n d e r ta k in g  a s i m i l a r  s tudy  of sp le n ic  e n l a r g e m e n t  in  p r e g n a n t  
m i c e .  T h e y  a l s o  d e te c t  a  s l ig h t  i n c r e a s e  in the  d e g r e e  of 
s p le n o m e g a ly  a f t e r  a l lo g e n e ic  m a t in g s ,  p r o p o r t i o n a l  to the  l i t t e r  
s iz e  w h ich  w a s  no ted  in th i s  in v e s t ig a t io n .  T h e y  r e p o r t  a m a r k e d  
ch an g e  in  th e  s t r u c t u r e  of th e  s p le n ic  re d  pu lp , w ith  i n c r e a s e d  
n u m b e r s  of e r y t h r o b l a s t s  and  p l a s m a  c e l l s  w h e r e a s  T and  B c e l l  
p r o p o r t i o n s  w e r e  u n a f fe c te d  in  m i d - g e s t a t i o n ,  a l th o u g h  a r e d u c e d  
Con A r e a c t i v i t y  w a s  d e t e c te d .
T h e  n a t u r a l  in v o lu t io n  of th e  th y m u s  d u r in g  the  p e r io d  of 
e x p e r im e n ta l  in v e s t ig a t io n  w a s  n o t  c o n s id e r e d  to  s ig n i f ic a n t ly  a f fe c t  
the k in e t ic  s tu d y .  T h e  p e r io d  of in v e s t ig a t io n  w a s  g e n e r a l ly  
b e tw e e n  2 -6  w e e k s  a f t e r  the  a r r i v a l  of the  a n i m a l s ,  a t  a s ta g e  w hen  
the th y m u s  r e g r e s s e d  g r a d u a l ly .
T h e  k in e t ic  s tudy  c o n f i r m e d  p r i m a r i l y  th a t  c e l l  p r o l i f e r a t i o n  
w as  con fined  to  th e  o u te r  c o r t e x  of the  th y m u s ,  p a r t i c u l a r l y  in  the  
s u b c a p s u la r  r e g io n ,  a s  o b s e r v e d  by o th e r  i n v e s t i g a t o r s  (K a w a m u ra ,
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I960  and  B r y a n t ,  1972). A s  i m m a t u r e  ly m p h o id  s te m  c e l l s  w ith  
th e  p o te n t ia l  to  d iv id e  a r e  p r e v a l e n t  in  the  su b cap  s u l a r  r e g io n  a s  
no ted  by K a p la n  (1961), i t  i s  n o t  know n w h e th e r  c e l l  p r o l i f e r a t i o n  
in  th e  su b cap  s u la r  c o r t e x  i s  a  c o n s e q u e n c e  of in d u c t iv e  p r o p e r t i e s  
r e s t r i c t e d  to  th a t  r e g io n  of the  o r g a n ,  o r  w h e th e r  i t  is  an  i n t r i n s i c  
a b i l i ty  of the  th y m o c y te s  t h e m s e l v e s  w h ich  i s  ex p en d e d  by  th e  t im e  
th e y  m i g r a t e  to  th e  m e d u l l a ,  M e tc a l f  (1964) h a s  e s t i m a t e d  th a t  
g r e a t e r  th an  97% of th e  ly m p h o id  c e l l s  p ro d u c e d  in  th e  a d u l t  C 
th y m u s  w e r e  f o r m e d  in  the  c o r t e x .  I t  c a n n o t  be  d e t e r m in e d  
w h e th e r  m i to t i c  c e l l s  a r r e s t e d  in  m e ta p h a s e  in  the  v a r io u s  r e g io n s  
of the  th y m u s  e n t e r e d  in to  m i t o s i s  in  th o s e  p a r t i c u l a r  r e g io n s  o r  
w h e th e r  th e y  m i g r a t e d  t h e r e  f r o m  r e g io n s  n e a r e r  th e  c a p s u le ,  
a l r e a d y  a r r e s t e d  in  m i t o s i s  i e .  w h e th e r  p r o l i f e r a t i o n  is  r e s t r i c t e d  
to  the  s u b c a p  s u la r  r e g io n .  H ow ever ,  a s  m i to t i c  c e l l s  co n t in u ed  to 
a c c u m u la te  in  th e  s u b c a p s u la r  c o r t e x  w ith  t im e  and a s  t h e i r  n u m b e r s  
i n c r e a s e d  in  o th e r  r e g io n s  of the  th y m u s  w ith o u t  c o n c o m ita n t  
d e c r e a s e s  in  th e  s u b c a p s u l a r  r e g io n ,  i t  i s  m o r e  l ik e ly  th a t  c e l l  
p r o l i f e r a t i o n  o c c u r s  th ro u g h o u t  th e  c o r t e x ,  bu t a t  d i f f e r e n t  r a t e s .
T h e  c e l l  p ro d u c t io n  r a t e s  in n o r m a l  and p r e g n a n t  a n i m a l s ,  
c a lc u la te d  a f t e r  l i n e a r  r e g r e s s i o n  a n a l y s i s  of th e  k in e t ic  d a ta  a r e  
m o s t  in f o r m a t iv e ,  i t  w a s  found to  be  a  ^  of th e  n o r m a l  r a t e  d u r in g  
p r e g n a n c y .  In  b o th  c o n d i t io n s ,  t h e r e  is  a d im in is h in g  g r a d ie n t  
of c e l l  p r o l i f e r a t i o n  f r o m  the  c a p s u le  to  the  m e d u l l a .  T h i s  i s  in  
a g r e e m e n t  w ith  th e  f in d in g s  of K a w a m u ra  (I960) in  r a t s  and  Z a i to u n  
e t  a l  (1979) in  m i c e .  T h e  l a t t e r  i n v e s t i g a t o r s  found th a t  
p r e d n is o lo n e  t r e a t m e n t  had  an  in h ib i to ry  e f fe c t  on the  S and 
p h a s e s  of th e  c e l l  c y c l e , . le a d in g  to a p r o lo n g a t io n  of th e  c e l l  c y c le
175
t i m e .  In  a d d i t io n ,  d e c r e a s e s  in  the  th y m o c y te  p ro d u c t io n  r a t e  
and g ro w th  f r a c t i o n  w e r e  o b s e r v e d .  A h e rn e  e t  a l  (19 80) found 
s i m i l a r  c h a n g e s  in  th e  th y m u s  of t u m o u r - b e a r i n g  a n i m a l s .  F r o m  
th i s  s tu d y ,  i t  w a s  no t p o s s i b le  to  d e t e r m in e  w h e th e r  th e  c e l l  c y c le  
t im e  w a s  p e r t u r b e d  d u r in g  p r e g n a n c y .  H o w e v e r ,  if the  c h a n g e s  in  
the  c e l l u l a r i t y  of th e  th y m u s  a r e  c a u s e d  by  the  i n c r e a s e d  
c o r t i c o s t e r o i d  l e v e l s ,  t h e r e  i s  e v id e n c e  to s u g g e s t  th a t  c e l l  c y c le  
p a r a m e t e r s  m a y  be  a f f e c te d .  M a k m a n  et a l  (1966) d e m o n s t r a t e d  
th a t  c o r t i s o l - t r e a t e d  r a t  th y m o c y te s  i n c o r p o r a t e d  l e s s  r a d io - l a b e l l e d  
p r e c u r s o r s  in to  p r o t e i n s  and  n u c le ic  a c id s  in  v i t r o  th a n  u n t r e a t e d  
c o n t r o l s .  F r a n k f u r t  (1968) show ed th a t  a d r e n a l  c o r t i c o s t e r o i d s  
in h ib i te d  c e l l s  f r o m  e n t e r in g  th e  S - p h a s e .  I t  i s  g e n e r a l ly  c o n s id e r e d  
th a t  th e  c e l l  c y c le  t i m e  i s  r e l a t i v e ly  c o n s ta n t  in  m a m m a l i a n  t i s s u e s  
and d o es  not c h a n g e  s ig n i f ic a n t ly  in  r e s p o n s e  to  s t r e s s  e f f e c t s  
( A. C.  R ic h e s ,  p e r s o n a l  c o m m u n ic a t io n ) .  H o w e v e r ,  w i th  a n  a s s u m e d  
m e a n  c e l l  c y c le  t im e  of 9 .0  h ,  th e  g ro w th  f r a c t io n  in  the  p r o l i f e r a t i v e  
r e g io n s  of th e  c o r t e x  w a s  d e c r e a s e d  by an  e s t i m a t e d  71%, w h ich  is  
g r e a t e r  th a n  th e  4 0% d e c r e a s e  c a u s e d  by  p r e d n i s o lo n e  t r e a t m e n t  
r e p o r te d  by Z a i to u n  e t  a l  (1979). T h e s e  i n v e s t i g a t o r s  a l s o  found 
th a t  the  c e l l  p ro d u c t io n  r a t e  w a s  re d u c e d  by abou t 60% and e s t i m a t e d  
a  n e t  r e d u c t io n  in  th e  ly m p h o c y te  ou tpu t of th e  th y m u s  to be 25% of 
n o r m a l  l e v e l s .  B y  c a u t io u s  e x t r a p o la t io n  f r o m  t h e i r  d a ta ,  i t  i s  
t e n ta t iv e ly  s u g g e s te d  th a t  d u r in g  p r e g n a n c y ,  the  th y m ic  ly m p h o c y te  
output i s  f u r t h e r  r e d u c e d .
I t  h a s  b e e n  s u g g e s te d  th a t  th e  n u m b e r s  of s t e m  c e l l s  a lone  
d e t e r m in e  the  g ro w th  o r  in v o lu t io n  of the  o rg a n ,  w ith o u t s ig n if ic a n t
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a l t e r a t i o n s  in  th e  c e l l  c y c le  c h a r a c t e r i s t i c s  of the  p r o l i f e r a t i n g
c e l l s  ( F a b r ik a n t  and F o s t e r ,  1971). I t  w a s  not p o s s ib le  f r o m
th i s  s tudy  to  d e t e r m in e  w h e th e r  the  r a t e  of e n t r y  of s te m  c e l l s
into th e  th y m u s  w a s  a t  a l l  p e r t u r b e d  d u r in g  p r e g n a n c y  and  c a n
on ly  be  s p e c u la te d  u p on . T h e  c h a n g e s  in  th e  c e l l u l a r i t y  of the
sp le e n  in d ic a te  th a t  th e  o r g a n  r e s p o n d s  in  a  c o m p e n s a to r y
m a n n e r  to  the  h a e m o p o ie t ic  s t r e s s  c a u s e d  by th e  p a r t u r i e n t
c o n d i t io n .  A t l a t e  g e s ta t io n ,  th e  m a t e r n a l  bone m a r r o w ,  s p le e n
and f o e ta l  l i v e r  a r e  h a e m o p o ie t ic  and  th e y  cou ld  a f f e c t  th e  n o r m a l
r a t e  of th y m ic  ly m p h o p o ie s i s  by c a u s in g  a n  im b a la n c e  of
h a e m o p o ie t ic  a c t iv i t y ,  p a r t i c u l a r l y  to w a rd s  the  e r y th r o id  l i n e a g e .
59T h e  d a ta  f r o m  the  F e  u p ta k e  s tu d ie s  d u r in g  la te  g e s ta t io n  s u p p o r t  
th i s  c o n te n t io n .
T h e r e  i s  e v id e n c e  th a t  d u r in g  d e la y e d  h y p e r s e n s i t i v i t y  fo llow ing  
c o n ta c t  s e n s i t i s a t i o n ,  t h e r e  i s  an  i n c r e a s e d  t r a f f i c  of s t e m  c e l l s  to 
the  th y m u s  f r o m  th e  bone m a r r o w  (M ic k le m  e t a l ,  1972). D u r in g  
the  im m u n e  r e s p o n s e  fo l lo w in g  a l lo g e n e ic  sk in  g r a f t in g  in  r a b b i t s ,  
the d ra in in g  ly m p h  n o d e s  w e r e  found to be s ig n i f ic a n t ly  e n la rg e d  
(S co th o rn e  and M c G r e g o r ,  1955). M a ro n i  and D e S o u sa  (1973) 
found th e  l u m b a r  and  r e n a l  ly m p h  n o d e s  d r a in in g  the  u t e r u s  w e r e  
s i m i l a r l y  e n l a r g e d ,  p r e s u m a b l y  a s  a c o n s e q u e n c e  of a n t ig e n ic  
c h a l le n g e  by th e  f o e tu s .  I f  i t  i s  a s s u m e d  th a t  bo th  c o n ta c t  
s e n s i t i s a t i o n  and  h i s to in c o m p a t ib l e  a n t ig e n ic i ty  e l i c i t  s i m i l a r  
im m u n o lo g ic a l  r e s p o n s e s ,  th e n  i t  m ig h t  be e x p e c te d  th a t  m o r e  
s te m  c e l l s  m a y  be m a d e  a v a i la b le  f o r  th y m ic  ly m p h o p o ie s i s .
A s  m e n t io n e d  p r e v io u s ly ,  t h e r e  a r e  s i m i l a r i t i e s  b e tw e e n  
o n c o g e n e s i s  and  e m b ry o  gene  s i  s .  In  a d d i t io n  to s h a r e d  a n t ig e n ic i ty .
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the g ro w th  of th e  c o n c e p tu s  i s  m o r e  ra p id  th a n  a n y  tu m o u r  c e l l  
m a s s .  T h e r e  h a v e  b e e n  n u m e r o u s  in v e s t ig a t io n s  on the  e f fe c ts  
of s t e r o id  h o r m o n e s ,  found in  e le v a te d  l e v e l s  d u r in g  p r e g n a n c y ,  
on the ly m p h o id  t i s s u e  and  im m u n e  r e a c t iv i ty ,  and s tu d ie s  on 
tu m o u r  im m u n i ty  a r e  p r o l i f i c .  T h i s  p r o g r a m m e  of e n q u i ry  h a s  
b e e n  a n  a t t e m p t  to  b e s t r i d e  two d i s c r e t e  th e m e s  in  im m u n o lo g ic a l  
r e s e a r c h  and th e  f in d in g s  h a v e  f u r t h e r  e lu c id a te d  th e  c y to k in e t i c s  
of th e  th y m u s  d u r in g  a c o n d i t io n  w hen  im m u n o lo g ic a l  to l e r a n c e  
p o s s ib ly  p r e v a i l s .
G E N E R A L  DISCUSSION
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In a n  e a r l y  p u b l i c a t i o n  'O n  th e  h i s to g e n y  and  in v o lu t io n  of 
the t h y m u s "  in 1905,  H a m m a r  w r o t e  . m o r e  and  m o r e  i n t e r e s t
h a s  b e e n  shown in the  s a id  o r g a n ,  o b s e r v a t i o n s  a r e  a c c u m u l a t i n g .  . . . 
T h r e e  q u a r t e r s  of a  c e n t u r y  l a t e r ,  f u r t h e r  d i s c l o s u r e s  of i t s  r o l e  in 
i m m u n e  o n to g e n y  c o n t in u e  to e m e r g e  and p r o v i d e  a  f e r t i l e  a r e a  f o r  
s p e c u la t io n .
A c o n s i d e r a b l e  p a r t  of t h i s  s tudy  h a s  b e e n  d i r e c t e d  t o w a r d s  
a t t e m p t in g  to  i s o l a t e  and e n r i c h  bo th  the  e p i t h e l i a l  c e l l s  of the  th y m u s  
and th e  p r e c u r s o r s  of T c e l l s ,  i n t end ing  to  in d u c e  s o m e  d e g r e e  of 
fu n c t io n a l  m a t u r a t i o n  in the  l a t t e r  by  ex p o s in g  th e m  to the  t h y m ic  
m i c r o e n v i r o n m e n t  w h ich  would  be  a p p r o x i m a t e d  by t h e i r  c o m b in a t i o n  
in v i t r o . T h i s  in  r e t r o s p e c t ,  p e r h a p s  s i m p l i s t i c  a i m  w a s  found to 
p o s e  e n o r m o u s  p r o b l e m s ,  c o m p o u n d e d  by the f a c t  th a t  bo th  t h e s e  c e l l  
t y p e s  be long to h e t e r o g e n o u s  p o p u la t i o n s .
T h e  m o r p h o l o g y  of th y m ic  r e t i c u l o e p i t h e l i a l  c e l l s  h a s  b e e n  know n  
f o r  s o m e  t i m e ,  the d r a w i n g s  of H a m m a r  (1905) in  P l a t e s  (20) and (21) 
c o r r e s p o n d  to the  d e s c r i p t i o n s  of wha t  a r e  b e l i e v e d  to be  th y m ic  
e p i th e l i u m  r e p o r t e d  in  m o r e  r e c e n t  i n v e s t i g a t i o n s .  In  h i s t o l o g i c a l  
s e c t i o n s ,  on ly  the n u c l e i  of t h e s e  c e l l s  a r e  a p p a r e n t ,  hav ing  f ine  
c h r o m a t i n  do ts  and  a s in g le  n u c l e o l u s ,  the  c y t o p l a s m  be ing  
in c o n s p i c u o u s  a s  o b s e r v e d  by S a i n t - M a r i e  and L e b lo n d  (1964).  C e l l s  
w i th  s i m i l a r  m o r p h o l o g i c a l  f e a t u r e s  w e r e  r o u t i n e l y  o b s e r v e d  in  
s e c t i o n s  of e x p l a n t s  of f o e ta l  t h y m u s  and w e r e  the  p r e d o m i n a n t  c e l l s  
ob ta ined  a f t e r  e x p e r i m e n t a l  t r e a t m e n t s  to e n r i c h  t h e i r  p r o p o r t i o n .
T h e  n u c l e i  of the n o n - l y m p h o i d  a d h e r e n t  t h y m u s  c e l l s  c u l t u r e d  a s  
m o n o l a y e r s  a l s o  had  a s i m i l a r  a p p e a r a n c e  i e .  ova l  in shape  with 
p r o m i n e n t  n u c l e o l i ,  b u t  w ith  d i s c e r n i b l e  c y t o p l a s m ,  a s  o b s e r v e d  
by o t h e r  i n v e s t i g a t o r s  ( W a k s a l  et  a l ,  1975; Sa to  et  al ,  1976; and
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L o o r ,  1979) and a l s o  in t h i s  s tudy ,  bo th  in  s i tu  and in  c y t o c e n t r i f u g e d  
p r e p a r a t i o n s  of t r y p s i n i s e d  c e l l s .  I t  i s  t h e r e f o r e  not  s u r p r i s i n g  
th a t  t h e s e  c e l l s  have  b e e n  b e l i e v e d  to be e p i th e l i a l  by m o s t  
i n v e s t i g a t o r s .  H o w e v e r ,  a s  m e n t io n e d  befo re ,  r e c e n t  i n v e s t i g a t i o n s  
h a v e  e l u c id a t e d  the  i d e n t i t y  of t h e s e  c e l l s ,  t h e  m a j o r i t y  of w h ic h  c a n  
be c l a s s i f i e d  on  th e  b a s i s  of t h e i r  p h ag o cy t ic  and  h i s t o c h e m i c a l  
p r o p e r t i e s  to  be  m a c r o p h a g e s  ( J o r d a n  e t  a l ,  1979a).  T h e i r  f ind ings  
h a v e  b e e n  c o n f i r m e d  in  t h i s  s tu d y .  T h e  m o r p h o l o g i c a l l y  h e t e r o g e n o u s  
c u l t u r e d  c e l l s  i n c lu d e d  f u s i f o r m  and  epitheÜ,jp|d s h a p e s  and  r e s e m b l e d  
the  c u l t u r e d  p e r i p h e r a l  blood  m o n o c y t e s  of  o t h e r  i n v e s t i g a t o r s  
( Z u c k e r m a n  et  a l ,  1979).  T h e  p o s s i b i l i t y  th a t  the m o n o l a y e r s  
c o n t a in e d  a p r o p o r t i o n  of e p i th e l i a l  c e l l s  e x i s t s ,  a s  a  few d i s c r e t e  
a r e a s  of f a in t ly  PAS p o s i t i v e  c e l l s  w e r e  s e e n ,  p r e s u m a b l y  e p i t h e l i a l .  
H o w e v e r ,  a s  PAS s ta in in g  g ly c o p r o t e i n s  a r e  a c o m p o n e n t  of m o s t  
c e l l  s u r f a c e s  , i t  m a y  not  n e c e s s a r i l y  m e a n  the y  a r e  e p i th e l i a l  
s e c r e t o r y  c e l l s .  I t  h a s  b e e n  o b s e r v e d  tha t  PAS p o s i t i v e  e p i th e l i a l  
c e l l s  of th e  c o r t e x  c a n  p h a g o c y t o s e  pyknot ic  l y m p h o c y t e s  (H o e f s m i t  
and G e r v e r ,  197 5) and  e p i t h e l i a l  c e l l s  of e m b r y o n i c  m o u s e  th y m u s  
c o n t a in  n o n - s p e c i f i c  e s t e r a s e s  (Smith ,  1965).  B e r r i d g e  et  a l  (1980) 
hav e  s i m i l a r l y  c u l t u r e d  the  n o n - ly m p h o id  a d h e r e n t  c e l l s  w h ich  th e y  
d e s c r i b e  a s  th e  ' r e t i c u l u m '  c e l l s  of the t h y m u s .  T h e y  c l a i m  tha t  
au to lo g o u s  m o u s e  s e r u m  s u p p l e m e n t s  a r e  an  a b s o l u t e  r e q u i r e m e n t  
f o r  the a d h e r e n c e  and s u b s e q u e n t  p r o l i f e r a t i o n  of t h e s e  c e l l s .  T h i s  
w a s  not  found to be  so in  t h i s  s tudy ,  w h e r e  p r o l i f e r a t i o n  of a d h e r e n t  
c e l l s  w a s  no t  i m p a i r e d  w i th  fo e t a l  c a l f  s e r u m  s u p p l e m e n t s .  T h e  
m o r p h o l o g i c a l  d a t a  th e y  p r e s e n t  d o e s  no t  d i f f e r e n t i a t e  t h e i r  c u l t u r e d  
c e l l s  f r o m  t h o s e  in  t h i s  s tudy ,  the  s a m e  d e g r e e  of m o r p h o l o g i c a l  
h e t e r o g e n e i t y  be ing  e v id en t .  T h e y  do not  p r e s e n t  d a t a  to d i s c o u n t
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the  p o s s i b i l i t y  t h a t  t h e i r  c u l t u r e d  c e l l s  m a y  be  m a c r o p h a g e s  and  
m o r e o v e r  a d m i t  to not  d e t e c t i n g  d e s m o s o m e s  o r  o t h e r  j u n c t io n a l  
c o m p l e x e s ,  m o r p h o l o g i c a l  f e a t u r e s  th a t  w e r e  a l s o  not  found in  t h i s  
s tudy .  I n  s u m m a r y ,  it  c a n  be  s a id  th a t  c u l t u r e  of n o n - ly m p h o id  
th y m ic  t i s s u e  d i s a g g r e g a t e d  by  n o n - e n z y m i c  m e t h o d s  a m p l i f i e s  
the e n dogenous  m a c r o p h a g e  p o p u la t io n  in  p r e f e r e n c e  to the  e p i th e l i a l  
c o m p o n e n t .
A t t e m p t s  to  d e t e c t  F c  r e c e p t o r s  f o r  IgG on c u l t u r e d  th y m ic  
m a c r o p h a g e s  gave  i n c o n c l u s i v e  r e s u l t s .  T h e y  h a v e  b e e n  d e t e c t e d  
on h u m a n  m o n o c y t i c  c e l l s  (L o B u g l io ,  1967 and  H u b e r  et  a l ,  1969) 
and on m u r i n e  m o n o c y t i c  c e l l  l i n e s  (K o ren  et  a l ,  1975), w h ich  h a v e  
a s i m i l a r  m o r p h o l o g y  to  th y m ic  m a c r o p h a g e s  in c u l t u r e .  H o w e v e r ,  
l a c k  of d e f in i t i v e  p r o o f  of t h e i r  p r e s e n c e  on t h e s e  c e l l s  d o e s  n o t  
n e c e s s a r i l y  d e t r a c t  f r o m  t h e i r  c l a s s i f i c a t i o n  a s  m a c r o p h a g e s .
The  e x p r e s s i o n  of such  r e c e p t o r s  on m a c r o p h a g e s  m a y  be  a f e a t u r e  
of t h e i r  a n a t o m i c a l  l o c a t i o n  and  p h y s i o l o g i c a l  fu n c t io n .  F c  r e c e p t o r s  
on p e r i p h e r a l  m a c r o p h a g e s  p r o b a b l y  f a c i l i t a t e  the  cy toph i l i c  u p ta k e  
of a n t i g e n - a n t i b o d y  c o m p l e x e s ,  w h e r e a s  th e  b l o o d - t h y m u s  b a r r i e r  
would  e f f e c t i v e l y  p r e c l u d e  such  a func t ion  f o r  t h y m ic  m a c r o p h a g e s .  
T he  d e t e c t i o n  of F c  r e c e p t o r s  on c u l t u r e d  p e r i t o n e a l  ex u d a te  c e l l s  
l e n d s  s u p p o r t  to t h i s  p o s t u l a t i o n .  A s i m i l a r  s tudy  to d e t e c t  l a  
a n t ig e n s  would  c o n t r i b u t e  f u r t h e r  in c h a r a c t e r i s i n g  t h e s e  c e l l s  and  
a l s o  r e v e a l  s o m e t h in g  of  t h e i r  fu n c t io n a l  s i g n i f i c a n c e .  R o u s e  
et  a l  ( 1979 ) have  s t a i n e d  th y m ic  t i s s u e  wi th  l a b e l l e d  a n t i s e r a  a g a i n s t  
MHC a n t ig e n s  and d e t e c t  t h e s e  in s e v e r a l  d i f f e r e n t  p a t t e r n s  on 
d e n d r i t i c  c e l l s ,  l a - b e a r i n g  c e l l s  w e r e  p r e s e n t  t h r o u g h o u t  the  c o r t e x .  
H o w e v e r ,  t h e s e  p a t t e r n s  w e r e  not  found to c o r r e s p o n d  with  the 
know n t i s s u e  d i s t r i b u t i o n  of th y m ic  m a c r o p h a g e s .
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T h e  d i f f e r e n t i a t i o n  induc ing  p r o p e r t i e s  of such  m o n o l a y e r  
c e l l s  w e r e  found to  be  m e a g r e ,  u n d e r  the c o n d i t io n s  of the a s s a y  
s y s t e m  u s e d  to d e t e c t  t h e m  i e .  the  r e a c t i v i t y  of t h y m o c y t e s  to 
P H A .  A l though  s t a t i s t i c a l l y  s ig n i f i c a n t  d i f f e r e n c e s  (a t  p -C 0 .0 5 )  
h a v e  b e e n  o b ta in e d ,  t h e s e  w e r e  no t  c o n s i d e r e d  to be  b i o l o g i c a l ly  
s ig n i f i can t ,  a s  the r e s p o n s i v e n e s s  w a s  c o m p a r e d  to  th a t  of 
p e r i p h e r a l  l y m p h o c y t e s .  I t  i s  i n t e r e s t i n g  th a t  a l e s s e r  but  n o t i c e a b l e  
d e g r e e  of s t i m u l a t i o n  w a s  o b ta in ed  a f t e r  e x p o s u r e  to c o n d i t io n e d  
m e d i u m  f r o m  m o n o l a y e r s  of p e r i t o n e a l  ex u d a te  c e l l s .  T h i s  f in d ing  
f o c u s e s  a t t e n t i o n  on  the  q u e s t i o n  w h e t h e r  the p r o p e r t i e s  of t h y m ic  
m a c r o p h a g e s  a r e  a c q u i r e d  a s  a c o n s e q u e n c e  of t h e i r  t i s s u e  lo c a t io n ,  
w h ich  r e i t e r a t e s  th e  i n d i s p e n s a b i l i t y  of t h e  t h y m u s  i t s e l f .  T h e  
q u e s t i o n  a l s o  a r i s e s  a s  to the  n a t u r e  of the  f a c t o r s  and  m e c h a n i s m s  
r e s p o n s i b l e  f o r  the  a l b e i t  m o d e s t  i n c r e a s e s  in  PHA r e a c t i v i t y  of 
t h y m o c y t e s  e x p o s e d  to the  e f f e c t s  of th y m ic  and  p e r i t o n e a l  m a c r o p h a g e s .
T h e  r o l e  of th e  m a c r o p h a g e  in  i m m u n e  p h e n o m e n a  h a s  b e c o m e  
i n c r e a s i n g l y  a p p a r e n t .  I t s  f u n c t io n  in a n t ig e n  p r e s e n t a t i o n ,  l e a d in g  
to h e l p e r  e f f e c t s  ( P i e r c e  and  K ap p ,  1978 and R o s e n t h a l  et  a l ,  197 8) 
and the  g e n e r a t i o n  of s u p p r e s s o r  m e c h a n i s m s  in  i t s  a b s e n c e  
( I s h iz a k a  and  A d a c h i ,  1976) a r e  kno w n .  F u r t h e r m o r e ,  t h e r e  h a s  
been  a n  i n c r e a s i n g  body of e v id e n c e  i m p l i c a t i n g  i t s  s e c r e t o r y  p r o d u c t s  
in the  m o d u l a t i o n  of i m m u n e  r e a c t i v i t y  ( r e v i e w e d  by W a k s m a n  and 
N a m b a ,  1976).  Of t h e s e ,  l y m p h o c y te  a c t i v a t i n g  f a c t o r  (LA F)  
d e s c r i b e d  by G e r y  and  W a k s m a n  (1972) and m i t o g e n i c  p r o t e i n  (MP) 
c h a r a c t e r i s e d  by F a r r  e t  a l  (1977) s t i m u l a t e  the p r o l i f e r a t i o n  and  
enhanc e  the  m i to g e n i c  r e s p o n s e  of t h y m o c y t e s .  T h e i r  f u n c t io n s  
a r e  no t  r e s t r i c t e d  to ly m p h o p o ie t i c  a c t iv i t y  a s  co lo n y  s t i m u la t i n g  
a c t i v i t y  in  g r a n u l o p o i e s i s  h a s  b e e n  d e t e c t e d  in  a m a c r o p h a g e  d e r i v e d
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f a c t o r  ( C h e r v e n i k  et  a l ,  1972).  A s  m e n t io n e d  p r e v i o u s l y ,  Unanue  
and c o - w o r k e r s  h a v e  found th a t  a n  a c t i v e  m o i e t y ,  t h y m o c y t e  
d i f f e r e n t i a t i n g  f a c t o r  (T D F)  in  the  c o n d i t io n e d  m e d i u m  of p e r i t o n e a l  
ex u d a te  m a c r o p h a g e s  i s  a b l e  to  induce  d i f f e r e n t i a t i o n  in  i m m a t u r e  
t h y m o c y t e s ,  the  e f fec t  a l s o  be ing  ob ta ined  w hen  c o - c u l t u r e d  with  
th y m ic  m a c r o p h a g e s  ( B e l l e r  and  U nanue  1977,  1978 and  B e l l e r  e t  a l ,  
197 8), T h e s e  i n v e s t i g a t o r s  u s e d  p u r i f i e d  p o p u la t i o n s  of  i m m a t u r e  
t h y m o c y t e s ,  w h e r e a s  no a t t e m p t  w a s  m a d e  to e n r i c h  f o r  t h e s e  c e l l s  
and w hole  t h y m o c y te  s u s p e n s i o n s  w e r e  u s e d  a s  t a r g e t s  in  th i s  s tudy .  
F u r t h e r m o r e ,  t h e y  found th a t  an  in c u b a t io n  p e r i o d  of t h r e e  d a y s  w a s  
n e e d e d  to in d u c e  t h e s e  m a t u r a t i o n a l  c h a n g e s ,  w h e r e a s  the  c e l l s  w e r e  
e x p o s e d  to  c o n d i t io n e d  m e d i u m  o r  m o n o l a y e r s  f o r  s h o r t e r  p e r i o d s  in 
t h i s  s tudy .
T h e  T c e l l  g ro w th  f a c t o r s  o r  i n t e r l e u k i n s  hav e  a l m o s t  r e l e g a t e d  
the m i to g e n i c  r o l e  of  l e c t i n s  to s eco n d  p l a c e .  I t  i s  now b e l i e v e d  
th a t  m i t o g e n s  fu n c t io n  by  in d u c in g  t h e  r e l e a s e  of such  f a c t o r s  by 
a c t i v a t e d  T c e l l s ,  the  a c t u a l  p r o c e s s  of m i t o s i s  be ing  in i t i a t e d  by 
so lub le  s i g n a l s ,  but  r e q u i r i n g  the  p r e s e n c e  of l a - b e a r i n g  a c c e s s o r y  
m a c r o p h a g e s  ( L a r s s o n  and C ou t inho ,  1979 and Bo’d e c k e r  et  a l ,  1980).  
T h e  l a t t e r  a u t h o r s  a l s o  found th a t  i n t e r l e u k i n  2 ( IL -2 )  p r o m o t e d  
c o r t i s o n e  r e s i s t a n t  m a t u r e ,  bu t  no t  p e a n u t  a g g l u t in i n  p o s i t i v e  
i m m a t u r e  t h y m o c y t e s  to p r o l i f e r a t e .  T h e  e a r l i e r  f ind ings  of 
P a e t k a u  et  a l  (197 6) a r e  r e l e v a n t  to t h e s e  o b s e r v a t i o n s .  T h e y  found 
th a t  Con A induc ed  the  r e l e a s e  of a ly m phok ine  f r o m  th y m u s  o r  s p l e e n  
c e l l s ,  which  in  the  p r e s e n c e  of a  p h y to m i to g e n  s t i m u l a t e d  t h y m o c y te  
p r o l i f e r a t i o n .  T h i s  C on  A - in d u c e d  c o - s t i m u l a t o r  enab led  
t h y m o c y t e s  to r e a c t  to PHA a s  w e l l  a s  to Con A ,  the  a c t i v i t y  b e in g  
d e p e n d e n t  on the  p a r t i c i p a t i o n  of m a c r o p h a g e s  b e a r i n g  the  T h y  1
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I t  i s  a p p a r e n t  t h a t  the c o n t r o l  of the  i m m u n e  r e s p o n s e  i s  m e d i a t e d  
at  l e a s t  in  p a r t  by  T c e l l s ,  m a c r o p h a g e s  and t h e i r  r e s p e c t i v e  s e c r e t o r y  
p r o d u c t s . C h e n  and  Di S ab a to  (197 6) f i r s t  d e s c r i b e d  a c l a s s  of T c e l l  
d e r i v e d  ly m p h o k i n e s ,  now c a l l e d  I n t e r l e u k i n  2 ( IL -2 )  w ith  a m o l e c .  wt.  
of 30-35000  d a l to n s  a s  h a v in g  th y m o c y t e  s t im u l a t i n g  a c t i v i t y .  I t s  
g ro w th  f a c t o r  a c t i v i t y  i s  d e m o n s t r a t e d  in  i t s  r e q u i r e m e n t  in  the  
m a i n t e n a n c e  of T c e l l  l i n e s  in  c u l t u r e  (W atso n  et  a l ,  1979).  I t  is  
now know n th a t  the  e l a b o r a t i o n  of I L - 2  r e q u i r e s  the i n t e r a c t i o n  of 
T c e l l s  a s  w e l l  a s  th a t  of l a - b e a r i n g  m a c r o p h a g e s  ( A n d e r s s o n  et a l ,
1979 and Shaw  e t  a i ,  1980).  In a d d i t io n  to a n t ig e n  p r e s e n t a t i o n ,  a 
p r i m a r y  r o l e  of the  m a c r o p h a g e  i;s the  s e c r e t i o n  of I n t e r l e u k i n  1 
( I L - i ) ,  f o r m e r l y  k now n  a s  l y m p h o c y te  a c t i v a t i n g  f a c t o r  (L A F ) ,  upon 
a c t i v a t io n .  I L - 1  i s  though t  to induc e  the  r e l e a s e  of I L - 2  in the  
p r e s e n c e  of a n t ig e n  o r  m i t o g e n  (S m ith  et  a l ,  1979).  F u r t h e r m o r e ,  
t h e r e  i s  e v id e n c e  th a t  a  so lu b le  f a c t o r  in s u p e r n a t a n t s  of a  m a c r o p h a g e  
c e l l  l i n e  w h ich  e x h ib i t s  I L - 1  l ike  a c t i v i t y  can  r e p l a c e  the need  f o r  
m a c r o p h a g e s  to be p r e s e n t  ( F a r r a r  et al ,  1980 and L a r s  son et a l ,
1980). T h e r e  i s  a d d i t i o n a l  e v i d e n c e  tha t  the i n t e r a c t i o n  b e tw e e n  
T c e l l s  and m a c r o p h a g e s  e n h a n c e s  the s e c r e t i o n  of I L - 1  
( R o s e n s t r e i c h  and M iz e l ,  197 8),
In  the  l igh t  of t h e s e  c o n s i d e r a t i o n s ,  an  a l t e r n a t i v e  m e c h a n i s m  
c a n  be p o s t u l a t e d  to a c c o u n t  f o r  the  m o d e s t  i n c r e a s e s  in PHA 
r e a c t i v i t y  of t h y m o c y t e s  o b s e r v e d  in t h i s  s tudy.  T h e  e x p e r i m e n t a l  
s y s t e m  in c l u d e s  the  n e c e s s a r y  p a r a m e t e r s  f o r  the  p r o d u c t i o n  of 
I L - 2  and the d e t e c t i o n  of i t s  b io l o g ic a l  a c t iv i t y  in  v i t r o . I t  is
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p o s t u l a t e d  tha t  I L - 2  i s  e l a b o r a t e d  in  t h e  p r e s e n c e  of bo th  I L - 1  and 
PHA by the  c e l l s  tha t  c o m p r i s e  the  m i n o r  s u b p o p u la t io n  of m a t u r e  
t h y m o c y t e s  w h ich  a r e  k n o w n  to h a v e  some of the  p r o p e r t i e s  of 
p e r i p h e r a l  T c e l l s .  T h e  s a m e  p o p u la t io n  cou ld  in c lu d e  c e l l u l a r  
t a r g e t s  f o r  I L - 2  induc ed  t h y m o c y t e  s t i m u l a t o r y  a c t i v i t y .  I t  is  
p o s s i b l e  t h a t  the  c u l t u r e d  th y m ic  m a c r o p h a g e s  cou ld  be  in  a s t a t e  
of c o n t in u a l  a c t i v a t i o n  due to  the  p r e s e n c e  of x e n o g e n e ic  s e r u m  
s u p p l e m e n t s  in the  c u l t u r e  m e d i u m .  T h e y  cou ld  t h e r e f o r e  fu n c t io n  
a s  a  s o u r c e  of I L - 1 ,  i t s  e f fec t  be ing  m e d i a t e d  e i t h e r  d u r in g  in i t i a l  
C O - c u l t u r e  w i th  the  t h y m o c y t e s  o r  d u r in g  t h e i r  i n c u b a t io n  p e r i o d  
in m a c r o p h a g e  co n d i t io n e d  m e d i u m .
183
an t ig e n .  I t  i s  of i n t e r e s t  to no te  tha t  f u r t h e r  w o r k  by B e l l e r  and 
U nanue  (1979) s u g g e s t  th a t  two s ig n a l s  a r e  n e c e s s a r y  to i n i t i a t e  
th y m o c y te  p r o l i f e r a t i o n  by m a c r o p h a g e  co n d i t io n e d  m e d i u m ,  th e  
o t h e r  be ing  a n o n - m i t o g e n i c  l e c t i n  p u l s e .  I n  t h i s  s tudy ,  an  
e x t r a n e o u s  s o u r c e  of m a c r o p h a g e s  w e r e  not  added  to t h y m o c y t e s  
d u r in g  the  a c t u a l  p e r i o d  of c u l t u r e  and th i s  cou ld  s ig n i f i c a n t l y  
i m p a i r  t h e i r  p r o l i f e r a t i v e  p o t e n t i a l .  I t  i s  p o s s i b l e  to  a t t r i b u t e  
the  o b s e r v e d  PHA r e s p o n s e s  to the  m a t u r e  c o r t i s o n e  r e s i s t a n t  PHA 
r e a c t i v e  p o p u la t io n  of  t h y m o c y t e s ,  t h e i r  low n u m b e r s  a c c o u n t in g  
f o r  the l i m i t e d  b l a s t o g é n i e  r e s p o n s e  o b s e r v e d .
W hi le  m o s t  o t h e r  i n v e s t i g a t o r s  have  a t t e m p t e d  to in d u c e  
m a t u r a t i o n  in  i m m a t u r e  ly m p h o id  p r e c u r s o r s  in  s p l e e n  and bone  
m a r r o w  (W a k s a l  e t  a l ,  1975 and  Sato  e t  a l ,  1976), t h y m o c y t e s  
w e r e  u s e d  a s  th e  t a r g e t  c e l l s  in t h i s  s tudy .  T h e  r a t i o n a l e  f o r  
th i s  c h o i c e  b e in g  the  e a s e  w i th  w h ich  they  could  be ob ta in ed  and 
the  f a c t  th a t  th e y  r e p r e s e n t e d  a p o p u la t io n  c o m m i t t e d  to the T - l i n e a g e  
of d i f f e r e n t i a t i o n .  H o w e v e r ,  a s  i n c r e a s i n g  e v id e n c e  of the  h e t e r o ­
g e n e i ty  of t h y m o c y te  s u b p o p u la t io n s  ( r e v i e w e d  by  C a n t o r  and  
W e i s s m a n ,  1976) and of m u l t i p l e  i n t r a - t h y m i c  m a t u r a t i o n a l  p a th w a y s  
( S h o r tm a n  and J a c k s o n ,  1974 and S c o l l a y  and W e i s s m a n ,  1980) 
a s s e m b l e s ,  the u s e  of  t h y m o c y t e s  a s  p u ta t iv e  t a r g e t s  would  no doubt  
be c o m p l i c a t e d  by  t h e s e  c o n s i d e r a t i o n s .
I t  w a s  d e c i d e d  to r e t r a c t  along  the T - l i n e a g e  p a th w a y  and  a t t e m p t  
to e n r i c h  the p o p u la t io n  of p r e - T  c e l l s  in  the  bone  m a r r o w  tha t  
w e r e  p o s s i b l y  in a d e t e r m i n e d  s t a t e  of d i f f e r e n t i a t i o n .  T h e  f in d in g s  
of K o m u r o  and  B o y s e  (1 973) i n d i c a t e d  th a t  su ch  c e l l s  e x i s t e d  in the  
bone m a r r o w .  T h e  bone  m a r r o w  l y m p h o c y t e s ,  b e l i e v e d  to c o n t a in
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t he  t r a n s i t i o n a l  c e l l  p o p u la t io n  ( R o s s e ,  197 6) w e r e  no t  ind u c ib le  
by C O -cu l tu re  w i th  t h y m u s  m o n o l a y e r  c e l l s  to e x p r e s s  the  T h y  1 
a n t ig en ,  b e a r i n g  in  m i n d  th a t  i m m u n o c y t o c h e m i c a l  t e c h n iq u e s  
a r e  l i m i t e d  by r e s o l u t i o n  and  r e a g e n t s .  T h e  s m a l l  i n c r e a s e s  
ob ta ined  w i th  nude  s p l e e n  c e l l s  s u g g e s t s  th a t  t h i s  p o p u la t io n  r a t h e r
bone  m a r r o w  m i g h t  c o n t a in  m o r e  in d u c ib le  p r e c u r s o r s ,  p o s s i b l y
/the  null  c e l l s .  H o w e v e r ,  the  T h y  1 a n t ig e n  m a y  not  b e  r e s t r i c t e d  
to t h y m u s - d e r i v e d  c e l l s , In  th e  r a t ,  i t  h a s  b e e n  d e t e c t e d  on 
i m m a t u r e  h a e m o p o i e t i c  c e l l s  (Hunt,  1979 and Gold s c h n e i d e r  et  a l ,
197 8 and  1980) and on B c e l l s  ( C r a w f o r d  and  Gold  s c h n e i d e r , 1980).
T h y  1 p o s i t i v e  c e l l s  h a v e  b e e n  g e n e r a t e d  in  c u l t u r e s  of  nude  s p l e e n  
c e l l s  s u p p l e m e n t e d  w i th  s u p e r n a t a n t s  f r o m  Con A s t i m u l a t e d  n o r m a l  
s p le e n  c e l l s  ( D e n n e r t  and H y m a n ,  1980); t h i s  b e in g  f u r t h e r  e v id e n c e  
fo r  the  t h y m ic  i n d e p e n d e n c e  of T h y  1 e x p r e s s i o n ,  o r i g i n a l l y  o b s e r v e d  
by R o e l a n t s  (1976).  R i t t e r  and  M o r r i s  (1980) have  r e c e n t l y  
d e m o n s t r a t e d  the  a n t ig e n  on  v a s c u l a r  b a s e m e n t  m e m b r a n e s  of 
lym pho id  o r g a n s ;  t h e r e f o r e  the  i n d u c t io n  of t h i s  m e m b r a n e  m a r k e r  
on T c e l l  p r e c u r s o r s  m a y  n o t  n e c e s s a r i l y  r e p r e s e n t  a d i f f e r  en t i a t i v e  
even t  tha t  c o r r e s p o n d s  w i th  m a t u r a t i o n a l  c h a n g e s .
B o n e  m a r r o w  ly m p h o c y t e s  w e r e  not  found to b e  in d u c ib le  to PHA 
r e s p o n s i v e n e s s  upon  p r o l o n g e d  in c u b a t io n  w i th  th e  m i t o g e n  a s  c l a i m e d  
by  P r e s s  and R o s s e  (1977^). I t  i s  s u g g e s t e d  th a t  th e  a s s a y  s y s t e m  
w a s  n o t  s e n s i t i v e  enough to d e t e c t  any  p r o b a b l e  i n c r e a s e s  in  r e a c t i v i t y ,  
r a t h e r  t h a n  the  l a c k  of T - p r e c u r s o r s  in the  m a r r o w .  P r o - t h y m o c y t e s  
co n ta in in g  the  e n z y m e  t e r m i n a l  d e o x y r i b o n u c l e o t i d y t r a n s f e r a s e  (Td t ) ,  
thought to be  e x c l u s i v e  to  i m m a t u r e  T ceEs ( B a r t o n  et a l ,  1976) h a v e  
b e e n  e n r i c h e d  f r o m  bone  m a r r o w  ( B a s c h  e t  a l ,  197 8). I t i s  p o s s i b l e  
t h a t  t h e s e  c e l l s  r e q u i r e  a p r o lo n g e d  m a t u r a t i o n a l  s t a y  in  the
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e n v i r o n m e n t  of the  m a r r o w ,  w h e r e  they  a r e  c a p a b le  of g e n e r a t i n g  
T p r e c u r s o r s  u n d e r  e x t r a t h y m i c  i n f l u e n c e s .  R e c e n t l y ,  i t  h a s  
b e e n  shown th a t  ly m p h o id  c e l l s  co u ld  d i f f e r e n t i a t e  in v i t r o  in  
l o n g - t e r m  c u l t u r e s  of bone  m a r r o w  in the s y s t e m  d e v i s e d  by  
D e x t e r  e t  a l  (1977);  f u r t h e r m o r e  c o l o n ie s  w e r e  d e r i v e d  th a t  
g e n e r a t e d  T h y  1- b e a r i n g  c e l l s  a f t e r  s t i m u l a t i o n  w i th  P H A - i n d u c e d  
con d i t io n ed  m e d i u m  f r o m  h u m a n  l e u k o c y te s  ( J o n e s - V i l l e n e u v e  
and P h i l l i p s ,  1980 an d  J o n e s - V i l l e n e u v e  et  a l ,  1980).
A s  the  e p i th e l i a l  c e l l s  p r o v e d  to be  d i f f icu l t  to e n r i c h  in  v i t r o , 
it  w a s  a t t e m p t e d  to  e n r i c h  t h e i r  p r o p o r t i o n  in  s i t u  in a n  o r g a n  c u l t u r e  
s y s t e m  w h ich  w a s  c o n s i d e r e d  would  a p p r o x i m a t e  the  in  v ivo s i tu a t io n  
a s  f a r  a s  p o s s i b l e .  L y m p h o i d - d e p l e t e d  e p i th e l i a l  e x p l a n t s  w e r e  
o b ta ined  u n d e r  c o n d i t io n s  a d v e r s e  to l y m p h o id  g ro w th ,  h o w e v e r  
a t t e m p t s  to r e - i n t r o d u c e  ly m p h o id  p r e c u r s o r s  e x p e r i m e n t a l l y  gave  
v a r i a b l e  r e s u l t s .  I t  i s  ev id e n t ,  b e a r i n g  in  m in d  th e  l i m i t a t i o n s  of 
the s y s t e m ,  th a t  v e r y  i m m a t u r e  h a e m o p o i e t i c  c e l l s  w e r e  no t  ab le  
to r e p o p u l a t e  t h e s e  e x p l a n t s  in  v i t r o . C e l l  p o p u la t i o n s  e n r i c h e d  
f o r  th e  C F U - S  and bone  m a r r o w  ly m p h o c y te s  w e r e  n o t  a b l e  to 
p r o l i f e r a t e  u n d e r  t h e s e  c o n d i t i o n s .  It  i s  p o s s i b l e  th a t  t h e y  r e q u i r e  
a  f u r t h e r  m a t u r a t i o n a l  s o j u r n  in o t h e r  l y m p h o m y e l o id  t i s s u e  o r  
d i f f e r e n t i a t e  f u r t h e r  in the  bone  m a r r o w  b e f o r e  t h e y  a r e  ab le  to 
s eed  the  t h y m u s .  H o w e v e r ,  th e  i n t r o d u c t i o n  of C F U - S  into the  
t h y m u s  m a y  not  be  an  e n t i r e l y  a r t i f i c i a l  s i tu a t io n ,  a s  t h e s e  c e l l s  
h a v e  b e e n  d e t e c t e d  in f o e t a l  t h y m u s  ( B a r g  et  a l ,  1978).  T h e r e f o r e  
m u l t i p o t e n t i a l i t y  m i g h t  s t i l l  e x i s t  in ly m pho id  p r o g e n i t o r s ,  
c o m m i t t m e n t  be ing  c o n f e r r e d  only upon  a r r i v a l  in the a p p r o p r i a t e  
h a e m o p o i e t i c  e n r i v o n m e n t .  M o r e  r e c e n t l y ,  K r a a l  e t  a l  ( 1 980) 
have  d e t e c t e d  C F U - S  in th e  r e g e n e r a t i n g  t h y m u s e s  of l e th a l l y
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i r r a d i a t e d  and r e c o n s t i t u t e d  m i c e ,  and f u r t h e r m o r e  d e m o n s t r a t e d  
a s e l e c t i v e  h o m in g  of l a b e l l e d  c e l l s  to the t h y m u s  upo n  a second  
t r a n s f e r .  T h e  a b i l i t y  of l y m p h o i d - d e p l e t e d  t h y m ic  e x p l a n t s  to 
p r o v i d e  a s u i t a b le  m i c r o e n v i r o n m e n t  f o r  l y m p h o p o i e s i s  in  v i t r o  i s  
d e m o n s t r a t e d  by  the  f a c t  tha t  s y n g e n e ic  f o e t a l  t h y m o c y t e s  w e r e  
ab le  to p r o l i f e r a t e  w i th in  the  o r g a n .  I t  m i g h t  be  a r g u e d  th a t  
a l though  the c u l t u r e d  e x p la n t s  a p p e a r e d  to be d e p l e t e d  of t h e i r  
ly m p h o id  c e l l s ,  a few s u r v i v i n g  c e l l s  w e r e  a m p l i f i e d  in  s u b s e q u e n t  
c u l t u r e  c o n d i t io n s  f a v o u r a b l e  f o r  t h e i r  g ro w th .  T h i s  p o s s i b i l i t y  
w a s  d i s c o u n t e d  a s  the  e x p l a n t s  r e m a i n e d  e p i th e l i a l  w i thou t  p r i o r  
r e c o n s t i t u t i o n .  S i m i l a r  p r o t o c o l s  h a v e  enab led  ly m p h o id  
r e p o p u l a t i o n  of e p i t h e l i a l  e x p l a n t s  by c o - c u l t u r e  w i th  fo e t a l  l i v e r  
( R . K .  J o r d a n ,  p e r s o n a l  c o m m u n i c a t i o n ) .  F r o m  th i s  s tudy ,  i t  w a s  
found th a t  f u s e d  c o m p o s i t e  e m b r y o n i c  o r g a n s  f a c i l i t a t e d  e x p e r i m e n t a l  
m a n i p u l a t i o n  wi th  e a s e  by v i r t u e  of t h e i r  l a r g e r  s i z e ,  w h i l s t  s t i l l  
b e ing  c a p a b le  of r e n d e r i n g  a ly m p h o id  and p r o v in g  s u i t a b l e  f o r  c u l t u r e .  
O t h e r  i n v e s t i g a t o r s ,  f o r  d i f f e r e n t  r e a s o n s  hav e  d e p l e t e d  t h y r o i d  and  
p a n c r e a t i c  t i s s u e  of t h e i r  p a s s e n g e r  l e u k o c y te s  in o r g a n  c u l t u r e .
L a c y  et  a l  (1979) h a v e  found i s o l a t e d  i s l e t s  of  L a n g e r h a n s  d e g e n e r a t e d  
w hen  c u l t u r e d  in  a n  a t m o s p h e r e  p r e d o m i n a n t l y  c o m p o s e d  of oxygen ;  
h o w e v e r  the  tox ic  e f f e c t s  of h igh  oxygen  t e n s i o n  w e r e  o v e r c o m e  w hen  
l a r g e  n u m b e r s  of i s l e t s  w e r e  fu s e d  t o g e t h e r  in c u l t u r e  ( L a f f e r t y ,
1980),  T h u s  a l though  p a n c r e a t e d  i s l e t s  and  fo e t a l  t h y m u s  m a y  d i f f e r  
m u c h  in s i z e ,  the  s a m e  f a c t o r s  m i g h t  d e t e r m i n e  the  h e a l th y  s u r v i v a l  
of the  t i s s u e  in  o r g a n  c u l t u r e .
W hi le  t h e s e  e x p e r i m e n t s  enab led  the  p o s s i b i l i t y  of d e t e r m i n i n g  
the  t h y m u s  r e p o p u la t in g  c a p a c i t y  of d i f f e r e n t  c e l l  p o p u la t i o n s ,  the
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a c q u i s i t i o n  of fu n c t i o n a l  and  s u r f a c e  an t ig e n ic  c h a r a c t e r i s t i c s  
w e r e  not  i n v e s t i g a t e d .  H o w e v e r ,  t h e r e  i s  m o r p h o l o g i c a l  e v id e n c e  
th a t  c e l l u l a r  d i f f e r e n t i a t i o n  e v e n t s  do o c c u r  in  the  c u l t u r e d  e x p la n t s  
in  v i t r o  fo l low ing  r e c o n s t i t u t i o n .  T h e  r e g u l a r  a p p e a r a n c e  of 
n u m e r o u s  c e l l u l a r  s t r u c t u r e s  co n ta in in g  a n u m b e r  of ly m pho id  
c e l l s  i n d i c a t e s  th a t  s o m e  su c h  p r o c e s s  i s  u n d e r w a y .  A s  m e n t i o n e d  
b e f o r e ,  t h e s e  a r e  p r o b a b l y  the  g ian t  " n u r s e  c e l l s "  d e s c r i b e d  by  
W e k e r l e  and K e t e l s e n  (1980) and W e k e r l e  et  al  (1980) ,  T h e y  a r e  
b e l i e v e d  to be  e p i t h e l i a l  in c h a r a c t e r  and e x p r e s s  MHC coded  
a n t ig e n s  bu t  l a c k  th e  l y m p h o c y te  d i f f e r e n t i a t i o n  m a r k e r s ;  the  
an t ig en ic  m a k e - u p  b e in g  i d e n t i c a l  to tha t  of t h y m ic  m a c r o p h a g e s ,  
though  th e y  w e r e  n o t  found to be  p h ag o cy t ic  f o r  n o n - c e l l u l a r  m a t t e r .
If t h e s e  n u r s e  c e l l s  a r e  a h y b r id  w i th  the  m o r p h o l o g i c a l  f e a t u r e s  of 
e p i t h e l i u m  and f u n c t i o n a l  a t t r i b u t e s  of m a c r o p h a g e s ,  i t  m i g h t  be 
w o r th w h i l e  to a s s a y  t h e s e  c e l l s  f o r  s e c r e t i o n  of t h y m ic  f a c t o r s  and  
e s t e r a s e  a c t i v i t y .  M a c r o p h a g e s  a r e  know n to p o s s e s s  a n  e x t e n s i v e  
c o m p l e m e n t  of e n z y m e s  (Unanue  et  a l ,  1976).  I t  i s  t e m p t i n g  to 
s p e c u la t e  th a t  t h e s e  c e l l s  f u n c t i o n  a s  s p e c i a l i s e d  m a c r o p h a g e s  w h ich  
s e l e c t i v e l y  e n d o c y t o s e  only  ly m p h o id  c e l l s ,  r e c o g n i t i o n  be ing  
m e d i a t e d  by  the a r r a y  of a n t ig e n s  d i s p la y e d  on t h e i r  s u r f a c e s .  
E x p o s u r e  of i m m a t u r e  ly m p h o id  c e l l s  to the  c y t o p l a s m i c  e n z y m ic  
m i l i e u  m i g h t  u n m a s k  d i f f e r e n t i a t i o n  a n t ig e n s  o r  t r i g g e r  c e r t a i n  
m a t u r a t i o n a l  e v e n t s  p r i o r  to t h e i r  s u b s e q u e n t  r e l e a s e .  I t  i s  of 
r e l e v a n c e  to t h e s e  s p e c u l a t i o n s  th a t  p r o t e o l y t i c  e n z y m e s  h a v e  b e e n  
shown to p o t e n t i a t e  the  b l a s t o g é n i e  r e s p o n s e  of r a t  t h y m o c y t e s  to 
C on  A ( U l r i c h  e t  a l ,  1979). T h e  p h e n o m e n o n  of l y m p h o c y t e s  w i th in  
the c y t o p l a s m  of o t h e r  c e l l s  ( e m p e r i p o l e s i s )  h a s  b e e n  know n  f o r  
s o m e  t i m e ,  e s p e c i a l l y  w i th in  e p i th e l i a l  c e l l s .  A n d r e w  and S o s a  (1947)
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r e p o r t e d  t h e i r  p r e s e n c e  w i th in  m o u s e  i n t e s t i n a l  e p i t h e l i a l  c e l l s .
It  w a s  once  c o n s i d e r e d  th a t  a l m o s t  a l l  e p i th e l i a l  c e l l s  cou ld  be 
p h ag o cy t ic  on o c c a s i o n  ( T r o w e  11, 1958); t h e r e f o r e  i t  i s  p o s s i b l e  
th a t  t h e s e  o b s e r v a t i o n s  h a v e  no im m u n o l o g i c a l  r e l e v a n c e .  H o w e v e r ,  
the  fa c t  t h a t  t h e y  o c c u r  in the  t h y m u s  and e x p r e s s  MHC a n t ig e n s  
d i s c o u n t s  th a t  p o s s i b i l i t y .
C e l l u l a r  i n t e r a c t i o n s  b e t w e e n  l y m p h o c y t e s  and  m a c r o p h a g e s  
h a v e  b e e n  r e c o g n i s e d  f o r  s o m e  t i m e .  S c h o n e n b e r g  e t  a l  (1964) 
o b s e r v e d  the  a s s o c i a t i o n  of t h e s e  c e l l  t y p e s  and  p r e s e n t e d  
u l t r a  s t r u c t u r a l  e v i d e n c e  f o r  t h e  t r a n s f e r  of m a t e r i a l  f r o m  
m a c r o p h a g e s  to l y m p h o c y t e s .  J . A .  S h a r p  (1966 and 1971) o b s e r v e d  
l a r g e  m o t i l e  c e l l s  e m e r g e  f r o m  e x p l a n t s  of r a b b i t  t h y m u s  in  c u l t u r e ,  
f o r m i n g  c l o s e  a s s o c i a t i o n s  w i th  a n u m b e r  of t r a i l i n g  l y m p h o c y t e s .
Of r e l e v a n c e  to t h e s e  c e l l u l a r  i n t e r a c t i o n s  i s  the  now r e c o g n i s e d  
p h e n o m e n o n  of MHC r e s t r i c t i o n  ( r e v i e w e d  by Z i n k e r n a g e l  and 
D o h e r t y ,  1979).  T h y m u s  l y m p h o c y t e s  a r e  b e l i e v e d  to  e n c o u n t e r  
s e l f - a n t i g e n s  on  e p i th e l i a l  c e l l s  w i th in  the  t h y m u s .  S u b s e q u e n t  
c e l l  m e d i a t e d  e f f e c t o r  f u n c t i o n s  in  the  p e r i p h e r y  r e q u i r e s  r e c o g n i t i o n  
of f o r e i g n  a n t ig e n s  in  a s s o c i a t i o n  with  MHC a n t i g e n s  of th e  p h eno type  
f i r s t  e n c o u n t e r e d  w h i l s t  be ing  " p r o c e s s e d "  in  the  t h y m u s .  I t  h a s  
b e e n  r e p o r t e d  t h a t  upon  c o - c u l t u r e  with  th y m ic  e p i th e l i a l  m o n o l a y e r s ,
H . 2  r e s t r i c t i o n  cou ld  be in d u c e d  in  p r e - t h y m i c  c e l l s  of th e  bone 
m a r r o w ,  of the  s a m e  s p e c i f i c i t y  a s  the e p i th e l i u m ;  a p o s t  th y m ic  
p o p u la t io n  w a s  found to be r e f r a c t o r y  to  su ch  in d u c t io n  in  v i t r o  
( G o r c z y n s k i  et  a l ,  1979).
T h e  k in e t i c  s tudy  of t h y m u s  l y m p h o c y t e s  f i r s t l y  d e m o n s t r a t e d  
t h a t  the  g r e a t e s t  p r o l i f e r a t i v e  a c t i v i t y  w as  in  the  s u b c a p s u l a r  r e g i o n ,  
an  a r e a  r i c h  in m a c r o p h a g e s .  T h e  e a r l i e r  o b s e r v a t i o n s  of M e tc a l f
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and I s h i d a t e  (1961) r e p o r t  t h a t  a  h ig h e r  f r e q u e n c y  of m i to t i c  
ly m p h o c y t e s  w e r e  found  in  c l o s e  a s s o c i a t i o n  w i th  PAS p o s i t i v e  c e l l s  
of v a r y i n g  s i z e  b e t w e e n  7 - 2 6  m i c r o n s .  T h e i r  c y t o p l a s m  c o n ta in in g  
p h a g o c y t o s e d  py k n o t i c  l y m p h o id  c e l l s  and  s u r r o u n d e d  by a c l u s t e r  
of l y m p h o c y t e s ,  s o m e  b e in g  found to i n v a g in a te  the  c y t o p l a s m  of 
the l a r g e r  c e l l s .  F u r t h e r m o r e ,  t h e s e  c e l l s  w e r e  found m o s t  
f r e q u e n t l y  in  the  s u b c a p s u l a r  r e g i o n .  I t  i s  p o s s i b l e  th a t  the  l a r g e  
m o t i l e  c e l l  ( J . A .  S h a r p ,  1966),  t h e  n u r s e  c e l l  ( W e k e r l e  and 
K e te l s e n ,  1980) th e  o n e s . o b s e r v e d  in  t h i s  s tudy  a r e  the  s a m e  o r  
hav e  v e r y  s i m i l a r  fu n c t i o n s  w h ic h  a r e  not  ye t  fu l ly  u n d e r s t o o d .  If 
t h e s e  c e l l s  a r e  in  f a c t  m a c r o p h a g e s  o r  f u n c t io n a l ly  e q u iv a le n t  to 
t h e m ,  t h e i r  p o s s i b l e  p r o l i f e r a t i o n  induc ing  p r o p e r t i e s  would  no t  be  
s u r p r i s i n g .  T h e r e f o r e ,  the  m i to g e n i c  e f f e c t s  of  the  s e c r e t o r y  
p r o d u c t s  of th y m ic  m a c r o p h a g e s  m a y  be  a n  in  v i t r o  c o r r e l a t e  of 
t h e i r  p r o p e r t i e s  in  v ivo .
T he  d i m i n i s h e d  t h y m o c y t e  p r o l i f e r a t i o n  r a t e s  s e e n  d u r in g  
p r e g n a n c y  c a n  be  a c c o u n te d  f o r  by  s e v e r a l  f a c t o r s ,  a s  d i s c u s s e d  
p r e v i o u s l y .  T h e s e  c h a n g e s  w e r e  s een  in  GDI a n i m a l s ,  a n  
o u tb r e d  s t r a i n ;  t h e r e f o r e  a  c o m p a r a t i v e  s tudy  with  s y n g en e ic  
m a t i n g s  in  a n  i n b r e d  s t r a i n  m i g h t  f u r t h e r  e l u c id a t e  the  c o n t r i b u t i o n  
of h o r m o n a l  and i m m u n o r e g u l a t o r y  c a u s a t i v e  f a c t o r s .  T h e  f ind ings  
f r o m  the  k i n e t i c  s tudy  shou ld  be c o n s i d e r e d  in  c o n j u n c t io n  wi th  th e  
l o n g - h e l d  b e l i e f  th a t  the  i m m u n e  v ig o u r  i s  i m p a i r e d  d u r i n g  p r e g n a n c y ,  
and the  o b s e r v a t i o n  t h a t  T and B c e l l  l e v e l s  u n d e r g o  a n  i n v e r s i o n  
d u r in g  th e  f i r s t  t r i m e s t e r  in  h u m a n  p r e g n a n c i e s  ( S t r e l k a u s k a s  et  a l ,  
1975).  If  the h u m a n  t h y m u s  c o n t in u e s  to r e g r e s s  th ro u g h o u t  
p r e g n a n c y  a s  in  th e  m o u s e ,  i t  d o e s  not  e x p la in  the  r e v e r s i o n  of  T 
and B c e l l s  to n o r m a l  p r o p o r t i o n s  t o w a r d s  p a r t u r i t i o n .  A s i m i l a r
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q u a n t i t a t i v e  s tudy  of T a n d  B c e l l  p o p u la t io n s  t h r o u g h o u t  p r e g n a n c y  
in th e  m o u s e  m a y  t h e r e f o r e  p r o v e  w o r th w h i l e ,  e s p e c i a l l y  if 
c o r r e l a t e d  w i th  c e l l  p r o d u c t i o n  r a t e s  in the  t h y m u s .
T o  c o n c lu d e  w i th  p e r h a p s  a  f r i v o l o u s  a n a lo g y ,  the  c o r t i c a l  
t h y m o c y te  l ike  the l e m m i n g  h a s  a h igh  in c id e n c e  of p r e m a t u r e  
d ea th ,  the  c o n s e q u e n c e  of a  p r o t e c t i v e  m e c h a n i s m  a g a i n s t  
a u t o r e a c t i v e  c l o n e s  ( B u r n e t ,  1962).  D u r in g  p r e g n a n c y ,  a d d i t i o n a l  
u n r e s o l v e d  f a c t o r s  g e n e r a t e  f e w e r  n u m b e r s  of p o t e n t i a l l y  r e a c t i v e  
T c e l l s ,  w hich  e n s u r e s  t h e  s u r v i v a l  of the  e m b r y o  a g a i n s t  w ha t  c a n  
be c o n s i d e r e d  the  i m m u n o l o g i c a l  h a z a r d s  to l i fe  b e f o r e  b i r t h .
B IB LIO G R A P H Y
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